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PREFACE 


Durine the period since the World War, few papers of major impor- 
tance have appeared on the production and refining of lead and zinc, 
although many improvements in technique have been made, which 
have attracted little attention because they were merely developments of 
existing practice. Other changes of a more radical nature have also been 
made, but for business reasons they have been given little publicity. 

It seems appropriate, therefore, at this time that the Rocky Mountain 
Fund Committee of the American Institute of Mining and Metallurgical 
Engineers should sponsor a volume on Lead and Zinc Metallurgy and that 
the Committee on Reduction and Refining of Lead and Zine should 
attempt to secure papers on various phases of the subject. The response 
to requests for papers has been gratifying. 

Although it is a general policy of the A.I.M.E. to publish only papers 
that present new or unpublished material, it was the opinion of the com- 
mittee that the scope should be enlarged in this case so that the volume 
should represent the present state of the art. Consequently, several 
papers have been secured describing well-known operations and others 
presenting material that has recently appeared, at least in part, elsewhere. 
In addition to this there are papers giving a brief history of lead and zine 
metallurgy. We believe the volume justifies this departure from rules. 

It is regrettable that one phase of the subject remains untouched. 
The treatment of secondary material is not yet standardized. Much 
experimentation is being carried out and few plants care to have their 
methods discussed. It is hoped that the time is not far distant when 
some valuable papers will appear in this field. 

All members of the committee have cooperated in producing the vol- 
ume. Some have suggested authors, some have prepared papers, others 
have read and criticized manuscripts. Special mention should be made 
of Prof. H. R. Hanley, on whose outline the arrangement of the book is 
based, of George E. Murray, who helped in many ways, and of Arthur 
Zentner, who was of special help in connection with the papers on 
electrolytic zinc. 

The committee wishes publicly to thank the authors who have pre- 
pared the papers and also the various companies that have authorized 
the publication of material hitherto kept confidential. 


Care R. Haywarp, Chairman, 
Cimpripes. Mass Committee on Reduction and 
? y . . 
November 15, 1936 Refining of Lead and Zinc 
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A Brief History of Blast-furnace Lead Smelting in America 
By Arrgur 8. Dwicut,* Mremper A.I.M.E. 


Tue author of this historical chapter will perhaps be criticized for 
limiting his subject to the history of the blast furnace in lead smelting, 
and especially to the part it played in the great custom ore-smelting busi- 
ness which for three decades or more was the means of opening up vast 
mineral treasures and practically dominated the mining industry in the 
Rocky Mountain region of the United States, in Mexico and in Canada. 

The men of that era shared the romance and the thrills of mining, and 
bore their part as pioneers in the building of the great West. The 
present writer was too young to participate in the first of the three decades 
mentioned, but immediately thereafter came under the apprenticeship of 
some of the men who had worked out the early metallurgical problems of 
the industry, became personally acquainted with most of the others of 
that group, heard the tales of early experiences, successes and failures, the 
gossip of the frontier and mining camps, from all of which there remain 
embedded in his mind clear impressions of the outstanding personalities 
of that time. That is the background against which the fifty years of 
intimate contact with the mining and smelting business and his own 
experiences as metallurgist stand out in his memory, and it is hoped that 
the gentle reader may understand and approve his desire to rescue from 
comparative oblivion the fundamentally valuable results accomplished 
by these fathers of the industry. 

It will be the purpose of this chapter first to narrate the general history 
of the growth of the industry; second, to pay tribute to some of the 
pioneer metallurgists, and third, to discuss some of the salient points of 
the metallurgical practice at different periods, to illustrate the technical 
progress of the art. 

The series of eight Annual Reports of Rossiter W. Raymond!,j U. S. 
Commissioner of Mining Statistics from 1869 to 1876, contain most of the 
available information about the early smelting operations in the Rocky 
Mountain region, and much is in the early volumes of the TRANSACTIONS 
of the American Institute of Mining Engineers. 

The monograph by S. F. Emmons? though not published until 1886, 
contained an elaborate description of the smelting works operating in 
1879. Otto H. Hahn? wrote a valuable paper in 1883, on smelting prac- 


Manuscript received at the office of the Institute Dec. 15, 1936. 
* President, Dwight & Lloyd Companies, New York, N. Y. 
+ References are at the end of the paper. 
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tice, but after that there was a distinct dearth in the literature of lead 
smelting until the appearance of Dr. H. O. Hofman’s classic work, ‘‘ The 
Metallurgy of Lead and the Desilverization of Base Bullion‘.”” The value 
to American metallurgists of this book cannot be overstated. So also 
should be classed Dr. Hofman’s subsequent researches in the thermal 
properties of silicates and his later book®, which appeared in 1918. A 
very concise chronology of the history of lead mining in the United States 
is to be found in W. R. Ingalls’ book®, published in 1908, together with 
much interesting metallurgical detail. 


GrRowTH OF LEAD-SMELTING INDUSTRY 


The older processes for the production of lead, the English and Carin- 
thian processes, based on the use of the reverberatory furnace, probably 
enjoyed, with the Scotch hearth, the earliest use by the pioneer miners, 
as is evidenced by the old ruins that have been described as existing in the 
Washoe and Washington districts in Nevada, the Patagonian Mountains 
in Arizona, Little Cottonwood Canyon and Rush Valley, Utah, Cerro 
Gordo, California and elsewhere. Except the Scotch hearth, these are 
today obsolete, and the Scotch hearth is limited to the treatment of 
almost pure galena concentrates, as for instance, in Southeast Missouri, 
where, supplemented by elaborate means for condensing and recovering 
the inevitably large amount of lead fumes produced by the hearths, it is 
commercially successful. 

It is not the purpose of this chapter to give further discussion of this 
branch of lead smelting, important as it is, nor to refer in detail to the 
small-scale smelting operations in early times at isolated lead mines 
in the eastern and southern states, as these had no permanent effect on 
the development of the art. 


Rocky Mountain Region 


The earliest recorded lead-smelting operations in the Rocky Mountain 
region were near Helena, Mont., and at Oreana, Nev., on the line of the 
Central Pacific Railroad in 1866 or 1867. The bullion was cupeled for 
the silver and the litharge was thrown away. 

The completion of the transcontinental Pacific Railways in May, 1869 
gave a great impetus to mining and smelting, as it made possible the 
beginning of more extensive operations, and the shipping of the metallic 
products to the eastern seaboard, thus putting the lead into direct compe- 
tition with foreign imports. This started a lead-mining boom. 

By reason of the strong affinity of molten lead for the precious metals, 
and the ease of their subsequent separation, the use of lead as a collecting 
medium was a feature of the most ancient metallurgical operations, and 
this principle became the basis of the enormous development which took 
place in the custom lead-smelting industry on the American continent. 
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For many years this mode of ore treatment afforded the cheapest outlet 
for the miner of the precious metals, but its importance began to wane 
when the supply of dry and siliceous ores diminished and the copper 
smelters entered the custom-ore field on an increasing scale. 

It is generally agreed that Eureka, Nev., was the cradle of modern 
lead blast-furnace smelting. The first furnace there appears to have 
been built in the fall of 1869 by Col. G. C. Robbins. It was a shaft 
furnace of small dimensions operating on natural draft. In spite of this 
primitive arrangement it demonstrated the feasibility of smelting the 
Eureka ores. 

This was followed the next year by numerous other furnaces of more 
efficient though still primitive design and construction, operated by fan 
blowers, and the lead-smelting business was in for a good start. 

Almost simultaneously, a lead-smelting boom started in the Salt Lake 
Valley of Utah, which seems to have differed in its general practice from 
that of Eureka. The difference in technique is aptly described by Otto 
H. Hahn’, who was one of the earliest of the educated metallurgists to 
operate in both Nevada and Utah. Therefore, his comparison of the 
two systems has all the authority of an eyewitness. To quote him: 


The nucleus of the excitement centered about Salt Lake City, whose neighboring 
mountains were known, from the explorations of the Mormons and the soldiers of 
General Connor, to teem with lead ores. The comparative poverty of the ores in 
silver, their siliceous and frequently refractory character, the close competition in 
their purchases, the bad quality of the fuel and furnace linings, and a good many other 
things sharpened the intelligence of the Salt Lake Valley smelters more than that 
of others; and it is to them that we owe the introduction of improvements which led 
to a more economical handling of the ores. Iron ore and limestone were here used 
intelligently as fluxing material for the first time. Connellsville coke superseded, at 
least partially, the miserable charcoal which was made from the light woods of Utah; 
water jackets replaced the outwalls as well as the costly fire brick lining of the fur- 
naces; dust chambers were erected to save the escaping finest particles of ore; and a 
number of very complete sampling works were erected, which opened a liberal market 
to the miner and afforded the smelter an opportunity to select for purchase such ores 
as suited his wants. 

It is true Eureka, Nevada, has been, so to speak, the cradle of the art of smelting 
in the west; to Ahrents we owe the introduction of the siphon tap, the construction 
of the first large and successful furnaces, and the reintroduction of the boshes in lead 
furnaces, but beyond these Eureka does not offer any innovations in the smelting 
process itself. 

The principal reasons for this conservatism (at Eureka) are, first, the docile char- 
acter of the predominant ore (Ruby Hill) which requires little or no flux to give eco- 
nomically satisfactory results; and secondly, the fact that mines and smelters of the 
leading companies are managed by the same person, generally a miner or a business 
man who is reluctant on general principles to attempt improvements of a scien- 


tific nature?. 


Hahn generously accords the entire credit to Ahrents for the important 
progress achieved at Eureka, while the present writer knows from the oral 
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testimony of other witnesses that Hahn himself was entitled to share in 
the credit for some of the improvements he describes. 

Among the Utah plants that made signal advances in good practice, 
which will be described later, may be mentioned the Winnemuck plant 
in Bingham Canyon, which began operation in 1872, the Flagstaff smelter 
in Little Cottonwood Canyon, and’ the Wahsatch Smelting Works, 
7 miles south of Salt Lake City, besides many other small plants. 

In the same year the Germania plant was started as a small desilveriz- 
ing refinery to treat locally some of the argentiferous lead of the district ed 
In 1875 it went into the ore-smelting business. For many years it was 
known as one of the outstanding plants in the country, and graduated 
many highly skilled metallurgists. j 

The Salt Lake Valley has maintained its importance as a metallurgical 
center down to the present day. It was surpassed, however, by Colorado 
from about 1876 to 1886, the years of the enormous output of lead car- 
bonates from the Leadville mines, when its hills fairly bristled with lead 
stacks. To mention the more important works: The Harrison Reduction 
Works was built in 1877, the Grant Works in 1878, the Billings and Eilers 
plant in 1879. The last mentioned was later sold to August R. Meyer 
and became the Arkansas Valley plant. It is the last of the Colorado 
smelters to survive the march of time. There were other plants, impor- 
tant in their day, the Elgin, La Plata, Cummings & Finn, and many 
smaller ones. 

On account of high labor and fuel costs the largest plants were moved 
in the early 80’s to Denver and Pueblo, where railroad connections were 
more favorable for commanding a larger tonnage and variety of profitable 
ore from widely separated minting districts; a more abundant and reliable 
labor supply, and cheaper fuel than could be obtained in the moun- 
tain camps. 

The Pueblo Smelting & Refining Co., the Colorado Smelting Co. 
(A. Hilers) in Pueblo, the Omaha & Grant Co. in Denver, the Socorro 
plant (Gustav Billing) in New Mexico, were examples of these migrations; 
in spite of which Leadville maintained an important place with the 
Arkansas Valley smelter, the Harrison Reduction Works, the Union 
smelter, and a few other smaller plants treating a large tonnage. 

Additional large plants were built in the ‘‘ Valley’’—the Holden plant, 
later known as the Globe plant, in Denver, and the Philadelphia smelter, 
by the Guggenheim interests, in Pueblo. 

In the North, the Helena & Livingston smelter, at Wickes, Mont., 
was moved to East Helena and about 1890 was merged with the Great 
Falls plant, built by Anton Eilers, and the National refinery in South 
Chicago, Ill., under the name of the United Smelting & Refining Co., 
with its principal smelting activities centered at East Helena, the Great 
Falls plant being finally shut down. 
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In the South, besides the Socorro (New Mexico) smelter, already 
mentioned, the El Paso Smelting Works, built by Robert S. Towne and 
subsequently acquired by the Kansas City 8S. & R. Co., treated large 
tonnages of leady and siliceous ores from old Mexico, ae a change 
in the United States import duties on Mexican lead ores interfered with 
the free entry of some of these ores. This, together with the saving in 
freight, caused American capital to erect large lead-smelting plants at 
Monterrey, San Luis Potosi, Velardena, Aguas Calientes and Torreon, 
though most of the base bullion was brought to the United States 
for refining. 

Nor should we neglect to speak of the plant of the Selby Smelting & 
Lead Co. at Selby, Calif., which was established in 1866'* and has been 
in practically continuous operation since that time. It has enjoyed 
almost a monopoly of the ores tributary to the Pacific coast of North and 
South America, and so has not been a serious competitor of the Rocky 
Mountain smelters. It refined its own metals and found its principal 
markets in Asiatic countries. 

While it must be admitted that a successful lead-smelting and refining 
operation was being conducted at Selby three or four years before work - 
began at Eureka, the present writer does not consider that this fact 
militates against the claim previously made that Eureka was the cradle 
of the industry. The operations at Selby were apparently not accessible 
to the public and had very little if any influence on the major develop- 
ments of the industry in the Rocky Mountain region, while the men 
of the Eureka and Utah groups established a definite school of metallurgy, 
their results were published for the benefit of others, and a number of 
these pioneers continued to be leaders in the business for many years, 
as will be mentioned later on. 

It would seem to be unjust in a discussion of custom smelting in the 
Rocky Mountain region to neglect to mention the Argo plant of the 
Boston & Colorado Smelting Co., near Denver, even though it used copper, 
not lead, as a base, with reverberatory and not blast furnaces. It was 
probably the first of the copper smelters to go into the custom ore-smelt- 
ing business on a large scale, and not until many years later did the copper 
men realize the great possibilities of using copper as a collecting vehicle 
for the precious metals, and the consequent profits latent in the smelting 
of custom ores. The company was organized in 1867’ by N. P. Hill, 
formerly professor of chemistry in Brown University. A pilot plant was 
built in 1867 at Black Hawk, but later the works was moved to Argo. 
The copper matte containing the precious metals was shipped to Swansea, 
Wales, until 1873, when Richard Pearce, the pioneer metallurgist, suc- 
ceeded in adapting the Ziervogel process and other improvements, which 
permitted separating the various metals at home. This plant kept 
strictly to its own field, but was a vigorous competitor of the lead 


smelters for siliceous ores. 
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Movement Eastward 


As the chief market for lead and the precious metals was on the 
eastern seaboard, the movement of the metallic product of the primary 
smelters was naturally eastward. The precious metals safely locked up 
in the base bullion could be shipped as commercial lead. 

Thus there emerged several industrial groups with plants in the West 
engaged in primary ore smelting and supplying argentiferous base bullion 
to their refineries in the East. The St. Louis 8S. & R. Company’s refinery 
at St. Louis, Mo., was supplied by the output of Socorro and the Harrison 
Reduction Works at Leadville; the Omaha & Grant Works at Denver 
had its own refinery at Omaha; the Consolidated Kansas City Smelting & 
Refining Co., at Argentina, Kans., received bullion from its own plants, 
the Arkansas Valley smelter at Leadville, and the plant at El Paso, 
Texas. The smelting plants at East Helena and Great Falls, Mont. 
had their own refinery at Chicago, Ill. The Guggenheim interests built 
a large refinery at Perth Amboy, N. J., to handle the products of their 
plants in Mexico and of their Philadelphia 8. & R. Co. plant at Pueblo, 
‘Colo. Certain independent refineries treated a considerable share of 
the bullion output; notably, the Balbach Works at Newark, N. J., the 
Aurora, IIl., refinery and the Pennsylvania Lead Co., near Pittsburgh, Pa. 
The Pueblo Smelting & Refining Co. refined its own product. 


Economic Factor 


A successful lead-smelting enterprise requires as a basis a regular 
supply of ores and fluxes to furnish the necessary slag-making ingredients. 
These are essentially silica, iron and lime. There should be a sufficient 
proportion of lead to ‘‘cover” the precious metals. It is manifestly 
desirable to obtain as large a proportion as possible of these slag-making 
ingredients in the shape of profitable ores, as any deficiency must be made 
up by adding barren fluxes to the charge. The ores with less than 10 per 
cent lead came to be known as “dry”’ ores, the term being particularly 
applicable to siliceous ores. The ores carrying a predominance of iron 
or lime were known as ‘‘fluxing ores,” and leady ores were even referred 
to as ‘“‘lead flux,”’ while ores containing enough iron or lime to flux their 
own silica were designated ‘‘neutral ores.” 

General mining operations were greatly stimulated by low freight 
rates to the smelting centers, and the tonnage thus evoked built up the 
smelting industry to an enormous extent. But as the supplies of the 
richer lead ores became exhausted, the smelting companies were obliged 
to economize on their lead. When the lead ores of Colorado and Utah 
became seriously curtailed and the lead carbonates from Mexico were 
cut off, lead concentrates from the Coeur d’Alene district of Idaho and 
from British Columbia took their place, until this supply in turn was 
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partly diverted by the establishment of the local smelting plants at 
Kellogg, Idaho, Northport, Wash., and Trail, B. C. In course of time a 
higher price than its commercial value as metal had to be paid for a unit 
of lead in the ore. This, together with the increasing dependence on 
barren flux and lime fluxes, tended to throw the entire smelting cost 
on the siliceous ores. This naturally caused a decline in the smelting 
business, by rendering low-grade ores unprofitable to mine unless the 
ore was subjected to concentration, which of course diminished the bulk 
of material to be smelted and permitted the recovery of metallic values 
without fluxing and melting large quantities of earthy material. The 
development of improved methods of grinding and concentration con- 
tributed greatly to this result. So also did the slump in the price of silver 
in 1893. The scrapping of many of the once busy smelting plants 
gradually ensued. Colorado was more severely hit by these changing 
economic conditions than was Utah, which has maintained a fairly steady 
smelting program for many years. 

The smelting plants in Colorado, which had long exercised a dominat- 
ing influence on the industry, were now facing a serious situation; the 
‘‘handwriting on the wall” was clearly visible in the early 90’s. Com- 
petition for siliceous ores had become intense. The siliceous gold ores 
from Cripple Creek, the coppery siliceous silver ores from the Tintic 
district in Utah, the limey silver ores from Aspen, Colo., were typical of 
the last remaining tonnages of importance that showed a smelting profit, 
until finally, in 1894, the smelting companies came together in a “‘live- 
and-let-live” agreement and formed the ‘Colorado Smelters’ Clearing 
House.” All the competing companies in that area agreed among them- 
selves to curtail operations and divide the available tonnages in agreed 
proportions through this central bureau in Denver. Needless to say, 
this was before the stringent Federal antitrust laws came into being. 
The plan worked amicably for one year, but it could not save the situation. 
It did have the merit, however, of bringing the competitors together in 
closer business acquaintance and reasonable cooperation, so that after a 
few more years of profitless competition, the principal companies operat- 
ing in Colorado and Montana, with their eastern refineries, decided 
in April 1899 to merge their interests into what became the American 
Smelting & Refining Co. The extensive Guggenheim interests did not 
at once join the combination, and it was not until about two years later 
that they came in with Colorado and Mexican plants and their eastern 
refinery. It was not long until this aggressive group dominated the new 
company. The policy of the new corporation was to gradually close down 
and abandon the less favorably situated works and intensify the opera- 
tions in those remaining. 

The more important lead-smelting and refining plants in operation 
today on the North American continent are shown in Tables 1, 2 and 3. 
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TasE 1.—Potential Smelting Capacity, Silver-lead Plants, North America’ 
Plants in Operation? 


Blast Furnaces, 


Dec. 31, 1935 Warnaces 
El Actually Character of 
Company Plant Operating Charge 
Neer Rated Annual Sept. 1, 1936 
Wax Capacity, 
Tons Charge 
Durango, Colo. 2 120,000 
East Helena, Mont. 4 360,000 2 High lead. 
El Paso, Texas 2 240,000 1 High lead 
American Smelting &| Leadville, Colo. 2 180,000 2 10 per cent lead 
Refining Co. Murray, Utah 8 584,000 1 High lead 
Selby, Calif. 2 200,000 1 High lead 
Chihuahua, Mexico 8 650,000 4 High lead 
San Luis Potosi, 2 220,000 2 High lead 
Mexico 
Bunker Hill & Sullivan | Kellogg, Idaho 4 450,000 lor2 High lead 
Mining & Concentrat- 
ing Co. 
U.S. Smelting, Refining | Midvale, Utah zi 530,000 1 High lead 
& Mining Co. 
International Smelting | Tooele, Utah 5 500,000 1 High lead 
& Refining Co. 
Consolidated Mining & | Trail, B. C. 5 700,000 
Smelting Co. 
American Metal Co.]} Monterrey, N. L. 4 250,000 1 20 per cent lead 
(Mexican Division). La Fe, Zac. 1 18,000 
Torreon, Coah. 6 200,000 3 25 per cent lead 
62 5,202,000 21 


2 Personal communication, 


TABLE 2.—Smelters of Missouri Lead, December 31, 19358 


Number of Annual Capacity, 


Furnaces Tons 
Company Plant = 
t ; 
Fur. |Hearthe| Pig, | Coneen- 
Sti.goseph Léad.Co... a. sidan ccs Herculaneum, Mo.| 3 100,000) 150,000 
American Smelting & Refining 
Co.. ee Federal, Ill. 3 31 | 160,000) 250,000 
Amer. Zinc., Lead & Smelting Co. | Granby, Mo. 3 18,000) 24,000 
Eagle-Picher Mining & Smelting 
Cortcntatih Ih brasttniiisa Mins i als Ave Galena, Kans. 1 8 55,000) 70,000 


€ 42 | 333,000) 494,000 


a SS Se ee ee 
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TABLE 3.—Lead Desilverizing Refineries of North America, 
December 31, 1935 


Annual Ca- 
a sa of Bott: | NUP ed Lend 
Furnaces Kettles pene et 
American Smelting & Refining Co.| Selby, Calif. 5 1 50,000 
Perth Amboy, N. J. 1 2 90,000 
Omaha, Neb. 4 4 192,000 
Monterrey, Mexico | Harris 3 180,000 
Proc. 
Bunker Hill & Sullivan Mining & 

Concentrating ore eee eee Kellogg, Idaho 2 3 125,000 
Invernational Smelting & Refining.| East Chicago, Ind. 3 8 96,000 
St. Joseph Lead Co.........----- Herculaneum, Mo. 1 3 90,000 
U.S. Metals Refining Co......... Carteret, N. J. 2 5 30,000 
U.S. S. Lead Refinery, Inc....... East Chicago, Ill. 2 40,000 
U.S. Smelting, Refining & Mining 

Gis SAU o pom eeen a aes Midvale, Utah 2 5 72,000 
Consolidated Mining & Smelting 

Cn ee rete eee Sterne oe Tadanac, B. C. Betts 106,000 

electrolytic 
American Metal Co., Ltd. (Mexi- 
SHiNee cot ents te SEO aC OO ee oe Monterrey, N. L. 4 4 108,000 
1,233,000 


Sn ee es oF ae 


Referring to Table 1, it is significant that although only about one- 
third of the existing lead blast furnaces are in operation today there is 
being produced a normal tonnage of metallic lead; and it is a fact that the 
actual smelting rate of a single furnace has been increased to at least 
double that indicated by the column of rated capacities in the table. 

Thus in the 66-year period from about 1870 to the present time, the 
country has witnessed the growth of a great metallurgical industry that 
was responsible for an enormous addition to the metallic wealth of the 
nation, and for the evolution of the art of lead smelting to a high degree 
of perfection. 

To review this dramatic shifting of conditions: the desideratum at the 
start was the production of metallic lead for itself; later, in what we may 
call the middle ages, the lead derived a major importance as a vehicle 
for the collection of the precious metals and became the basis for the 
enormous expansion of the smelting industry by making possible the 
cheap beneficiation of all classes of gold and silver ores; still later, as 
the richer ore deposits were exhausted and new processes came into the 
field for recovering gold and silver, there was a serious falling off in the 
ore tonnage available, because of ore shortage, the competition of the cop- 
per smelters, and other changes in economic conditions. Consequently 
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there took place a reversion to the earlier practice of carrying heavier 
lead charges in comparison to the amount of “dry” ores smelted, so that 
with the greatly increased smelting capacity of a single modern furnace 
the total tonnage of lead produced has been maintained. That is the 
situation that prevails in the industry today, thus accounting for the 
comparatively small number of lead furnaces now in operation. 


THe PIONEER METALLURGISTS 


The men that may properly be called the fathers of the industry were 
all men trained in the mining schools of Germany, Freiberg and Clausthal, 
and these were followed by many younger men, Americans as well as 
Germans, trained in the same schools. These men exercised the greatest 
influence in shaping the technical practice at the start and during the 
first ten or fifteen years. In the 80’s, the men trained in our American 
mining schools began to come into the picture but some of the old-timers 
maintained their preeminence for many years thereafter. Other men 
played their part, to be sure, but the ones here mentioned aided the early 
development of the industry, not only by doing things but by freely 
sharing their experience with others, and allowing their failures as well 
as their successes to be published. 

Albert Ahrents deserves special mention as one of the pioneer metal- 
lurgists of Eureka, for his invention of the siphon lead tap, which fur- 
nished the key to the successful adaptation of the blast-furnace principle 
to lead smelting. 

Next should be, mentioned Otto H. Hahn, another of the original 
Eureka group, to whom is attributed the adoption of the rectangular or 
Rachette type of furnace instead of the round or square section, which 
permitted the smelting area to be enlarged without increasing the distance 
between the tuyeres. He is also credited with the adoption of the furnace 
bosh, a very important improvement. Hahn remained in active and 
successful practice for a quarter of a century. 

As a close third, should be mentioned Anton Eilers, who in the Eureka 
days was in close touch with the industry in his capacity as Deputy 
U.S. Mining Commissioner under Rossiter W. Raymond, Commissioner, 
and who, in that connection, did much by his writings to improve the 
general smelting practice. Later he became definitely engaged in smelt- 
ing operations at the Germania Works and the Flagstaff mine at Salt Lake 
City, and subsequently at Leadville, Pueblo, Great Falls and East Helena. 
Hilers was responsible for numerous improvements in furnace design and 
appliances. Perhaps his signal contribution to the art was his develop- 
ment of successful slag types. As previously stated, Eilers’ writings 
were always in favor of a more scientific basis for the industry. He urged 
better accounting methods and better control of operations. In 1875 he 
published statistics’ to show the high metal losses in some of the best of 


ee 
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the Nevada and Utah smelting plants, and made a most urgent plea for 
more capacious dust chambers, the utilization of the values in the matte, 
and the establishment of ‘‘complete chemical laboratories which are so 
far, I am sorry to say, nowhere to be found.” He estimated that in 
consequence of these wasteful practices even with the extraordinarily 
rich ores then being treated only two or three plants in Utah and Nevada 
out of forty or fifty then operating had paid a reasonable interest on the 
capital invested, and many had gone completely bankrupt. He retained 
his connection with the smelting business to the end of his life. During 
his more active years his plants were considered models of efficiency and 
good management. 

The name of August Raht should be included in this pioneer group. 
Famous for his work in the old Horn Silver mine, Utah, he later operated 
in Montana, at the Helena & Livingston Works, the Philadelphia smelter 
at Pueblo, and the other plants of the Guggenheim Brothers in Mexico, 
and Perth Amboy. He was remarkably clear-headed and direct, and 
became noted as a “trouble man,” reorganizing the practice in plants 
suffering from metallurgical troubles. 

Von Liebnau was one of the pioneer metallurgists at Eureka; Alfred 
Wartenweiler, Ellsworth Daggett and Brueckner in Utah. 

As the industry grew in magnitude, many highly trained young men 
became connected with the calling, and the steady increase in efficiency, 
technical excellence and low smelting costs bear witness to their genius 
and zeal. The pages of our technical literature contain the record of their 
achievements. The standards established for lead smelting in the 
United States have become the standards the world over. 


Tur Buast FURNACE 


In tracing the lines along which progress has been made in the art of 
lead smelting, we must consider first the appliance that has the most 
prominent place in the picture and that is of major importance in lead 
smelting—the blast furnace. Essentially a vertical, hollow shaft with 
means for supplying an upward current of air to support combustion 
within a descending column of ore and fuel, this simple, almost crude 
mechanical device is capable of a remarkable degree of efficiency and fuel 
economy under intelligent handling and coordination of conditions. 
To the experienced metallurgist his furnaces have an almost human 
interest. With proper mechanical and chemical conditions once estab- 
lished, absolute uniformity of composition and correct distribution of the 
charge and, in short, uniformity of all the major conditions, will ensure 
fast-running, clean and uniform slags, low dust and fume loss and pro- 
longed campaigns. 

The term “muscular metallurgy” aptly describes the early smelting 
practice. The furnaces were small and freeze-ups more than common; 
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little was understood about slags; too much fuel was used, which made 
“iron sows” in the crucible, overfire and high metal losses. Viewed in 
the light of modern practice, early conditions were distinctly haphazard 
and terribly wasteful. The crowbar and sledge hammer furnished the 
cure-all, and was the final resource of the harassed furnaceman. 

From the original furnace in use at Eureka, Nev., in 1870'* to a 
modern furnace there was a gradual growth in the size of the shaft, as 
illustrated by the following examples, characteristic of successive periods: 

After the historic though impractical ‘‘ draft furnace” already described 
as built by Colonel Robbins near Eureka in 1869, the first really respect- 
able type was that adopted in 1870 by the young metallurgists trained 
in Germany. This may be considered the primordial American lead- 
smelting blast furnace, and as such deserves a brief description. The 
structure was of stone with a lining of slabs of sandstone. The area at 
the tuyere level was 3 ft. square, the height from tuyeres to the single 
charge door was 12 ft., and the shaft was surmounted by a chimney with 
no dust chamber. There were three tuyeres, water-cooled. The crucible 
was 2 ft. deep below tuyere level, with an open breast for slag overflow 
and arranged for tapping lead, matte and speiss at the bottom, the latter 
two by-products going over the dump with the slag. Eight to nine tons 
of carbonate ore was smelted in 24 hr., averaging 45 per cent lead, $75 in 
silver and $15 in gold. The fuel was charcoal, supposed to be 25 per cent 
of the ore, but seems often to have run up to 50 per cent. The blast at 
first was supplied by fan blowers; later by small Roots blowers. No 
flux was added and the slag averaged about 30 per cent SiOz, 50 per cent 
FeO, 7 per cent CaO and over 8 per cent PbO. About 3 per cent speiss 
was made. 

Chemical analysis played practically no part in the smelter routine. 
There must have been almost continuous overfire, so that with no dust 
chambers, rich matte and speiss thrown over the dump, it is easy to under- 
stand the statement in Raymond’s Report for 1870: 

When the furnaces are properly managed the loss of lead will probably not exceed 
20 per cent. At present, however, it is larger, owing to several reasons, and very 


largely to the frequent use of crowbars about the hearth, whereby a great deal of lead 
is mixed with the slag. 


This was indeed the age of ‘muscular metallurgy.” 

One recorded test of metal losses showed 30 per cent of the silver and 
40 per cent of the lead unaccounted for, and this can easily be believed 
under the conditions described, but the accuracy of the test is open to 
doubt, owing to the haphazard methods of operating. The actual losses 
might have been less, but probably were not. The point that interests 
the metallurgists of today is that such a condition should have been 
accepted as inevitable. Independent of these frightful metal losses, 
the cost of smelting a ton of ore is said to have been about $20. 
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Approach to the Modern Furnace 


Of course, such primitive methods could not be tolerated very long, 
and the enterprising young metallurgists at Eureka Consolidated brought 
to bear some of their knowledge of German practice by building a larger 
furnace of the octagonal Piltz type, as used at Freiberg, Germany. This 
furnace’ had an equivalent diameter of 5 ft. at tuyere level, seven water- 
cooled tuyeres, a charge column of 12 ft., in a flaring shaft that widened 
to a diameter of 614 ft. at the charge-floor level. The slag overflowed 
at an open breast, and the lead, speiss and matte were tapped from the 
crucible bottom at intervals. This “large furnace” was hailed as a 
wonderful improvement. Next the Rachette, or rectangular, furnace 
was tried and found to possess distinct advantages. It became the 
prototype of the modern American lead blast furnace. Whatever hesita- 
tion there may bave developed in adopting it was probably due to the 
difficulty of reaching the rear of the crucible with the steel furnace bar, 
but the more skillful metallurgists favored it. 

Raymond’s report mentions the siphon tap as having been ‘“‘lately”’ 
added to the Piltz furnace at Eureka by Albert Ahrents, ‘‘the metallurgist 
of the Eureka Consolidated Company, which increases considerably the 
already astonishing results obtained with this shaft furnace.’”’ This 
improvement by Ahrents can justly be claimed as the most important 
improvement ever made to the lead blast furnace. It permitted the 
maintaining of a bath of hot molten lead under the smelting laboratory 
region of the furnace, thus contributing enormously to the maintenance 
of proper slag temperatures and the prevention of iron sows, the bugbear 
of the early metallurgists, which we now recognize as due principally to 
the excessive amount of fuel charged, aggravated by the periodic draining 
of the crucible. 

Next in importance to the siphon tap, the water jacket should be 
mentioned, ‘The credit for this improvement is lost in the maze of con- 
troversy. Water-cooled tuyeres had been used in the stone and brick 
furnace walls of the early Eureka furnaces and a so-called ‘‘hydrocycle,”’ 
a round water-cooled furnace, was built at the Richmond Consolidated 
at Eureka about 1871 but did not last long. It was not until 1874 that 
we find mention by Eilers’? of the introduction of the water-cooled 
furnace jackets. T. A. Rickard’ states that the first water-jacketed fur- 
nace in Colorado was built near Silverton in 1875 by John A. Porter, 
Freiberg graduate, and previously assayer at Eureka. Porter was for 
many subsequent years a successful operator. 

Cast-iron water jackets were the fashion for two decades, but for the 
modern large-capacity furnace steel jackets are preferred. After the 
adoption of the water jackets the water-cooled tuyere gave place to a 
simple sheet-iron tuyere nozzle, connected with the ‘bustle-pipe” nipples 
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by canvas bags, which acted as safety valves in case of blower stoppage 
and back-pressure of explosive furnace gases. But this arrangement 
involved considerable loss of air, especially as higher blast pressures were 
adopted, so the automatic box tuyere designed by A. Eilers came into 
vogue. This had a self-closing valve to protect against back-pressure, 
and thus permitted airtight ducts from blower to furnace and resulted in 
considerable saving of power. Other similar safety devices have been 
used. The usual diameter of the tuyere nozzle is 4 inches. 

The water jackets rested on the brickwork of the crucible and extended 
upward 4 to 6 ft., including the “‘bosh.” Above the jackets the shaft 
was of firebrick to the level of the charge floor. As blast pressures 
increased, a second tier of water jackets was often added. Modern 
practice seems to favor making the entire shaft from the crucible top to 
the charge floor of steel water jackets, but some good metallurgists adhere 
to the single tier of jackets, and a brick shaft to conserve the heat. Much 
store was set by the metallurgists in the 80’s on the interior lines of the 
furnace, and each one built his furnace to suit himself. There was general 
agreement as to the rectangular shape of the hearth (Rachette type) with 
a width varying from 36 to 50 in., depending somewhat on the blast 
pressure employed. In the 80’s the usual length of the hearth was about 
8 ft. but modern furnaces have been as long as 16 ft. The only limit to 
the length is the ability to provide a perfectly even distribution of the 
charge. Emmons says of the Leadville furnaces in 1879 that an area 
of 3 ft. by 7 ft. 9 in. was the largest then existing. 

Iles'! describes the furnace that he considers ideal for the conditions 
existing in Colorado about 1900 as one with an area at the tuyeres 42 in. 
wide by 140 in. long, equal to 40.80 sq. ft., a 10-in. bosh, 16-ft. ore column, 
horizontal area of shaft at charge floor 100 sq. ft. compared to 69 sq. ft. 
at top of boshes. This general type has remained standard to the present 
time, though modified in width and length to meet the demand for 
larger tonnages, and with improvements in structural details. Some 
modern examples will be adequately set forth in the other papers 
in this volume. 

The bosh has a double function. It tends to confine the smelting zone 
to a reasonable distance above the level of the maximum heat intensity 
immediately in front of the tuyeres, by allowing the ascending gases to 
expand and cool somewhat before rising into the zone of reduction above. 
The bosh also acts as a bearing surface against which the ore charge can 
temporarily arch itself and gradually feed down into the smelting zone 
as the charge is melted away below it. The height of the bosh section 
varied from 3 to 4 ft. and the slope varied from 214 to 414 in. per foot of 
height. Too flat a bosh is not desirable, as it lets the charge hang up 
unduly and furnishes a platform on which furnace accretion is apt to 
build up. A 10-in, bosh found the most favor. 
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Above the bosh the walls of the shaft preferably flare outward, so 
that the area of the “throat” of the furnace at the level of the charge 
floor will bear a ratio to the area at the tuyere level as much as 214 to 1. 
This upward enlargement of the furnace shaft has fully demonstrated its 
utility. The ascending gases are slowed up, thus giving them a chance to 
more thoroughly permeate the descending ore charge, and by reduced 
velocity to carry over a minimum of dust into the flues, while the gradual 
expansion of the gases cools them and tends to avoid a premature ignition 
of the coke and consequent overfire and accompanying metal losses. 
The height of effective charge column varies from 14 to 21 ft. above the 
tuyere level. 

The furnace gases may be taken off through flues immediately below 
the charge floor, or by hoods or superstructures of metal or brickwork 
above the charge floor and connected with the dust flues, baghouse or 
Cottrell fume-recovery plant. As most modern furnaces are fed by 
mechanical means, the first named, or ‘‘open top,” type is preferred. 


Reduction 


“Reduction” is a general term used by lead metallurgists to express 
a condition in a furnace that is the resultant of a number of factors, the 
visible measures of which are the percentage of lead in the slag and matte, 
the amount of matte fall, and sometimes, if there is arsenic in the ores, 
by the formation of speiss. All of these results are dependent upon the 
amount of iron reduced, so the term ‘“‘reduction”’ is not inept. The chief 
controlling factors are: percentage of fuel and its character, the volume 
and pressure of the blast, height of the ore column, its mechanical disposi- 
tion in the shaft, and its permeability to the gases. Other conditions 
being equal, a loose charge will allow more sulphur and arsenic to be 
oxidized and make less matte-fall; but unless fuel and air are coordinated, 
it may cause overfire with higher lead assays of slag and matte, but still 
it may be made to yield fast and clean running. A tight charge usually 
means slower running, more iron reduced, lower lead in slag and matte, 
larger matte fall, and probably speiss. The happy medium, of course, 
lies between the two extremes, but the skillful metallurgist can at will 
effect remarkable changes in the chemical analysis of his slag and matte 
and in throwing his iron from one to the other, by modifying the balance 
between some of these purely mechanical factors. These principles were 
not as well understood a generation ago as they are today, and there was 
a good deal of incorrect reasoning and much unnecessary metallurgical 
grief. The making of speiss is a sign of too strong reduction and there is 
no necessity nowadays for making any under ordinary smelting conditions. 

In considering the factors controlling reduction, the influence of the 
physical condition of the charge column as affected by the manner of 
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feeding will be later explained. The question of fuel is, of prime impor- 
tance of course. 


Fuels 


In the pioneer days in Nevada, for instance, charcoal, which could 
be obtained in the neighboring hills, was the logical fuel. Immense 
quantities were used, from 25 to 50 per cent of the smelting charge. It is 
no wonder that iron sows in the crucible became the chief bugbear of 
the metallurgist. The readily ignited charcoal commenced burning high 
up in the shaft, caused overfire and high metal losses. It is easy to 
understand the reasoning that continued to keep the fuel percentage high. 
The small furnaces were prone to ‘“‘freeze up” for one cause or another, 
probably refractory slag or improper feeding, so what could be a more 
natural order than ‘‘Give her more fuel, boys.’”’ This usually increased 
the trouble, but was nevertheless the standard remedy. 

The first record we have of the substitution of coke for charcoal is 
given by Ellsworth Daggett, who tells how Alfred Wartenweiler, in 
charge of the Winnemuck smelter in Bingham Canyon, Utah, in 1872 
began the use of Connellsville coke. His tests convinced him that 
coke was twice as effective as charcoal, while the costs per ton of fuel were 
then about equal. However, considerably higher metal losses ensued, 
“due to much higher temperatures when coke was employed.” That 
reasoning, however, was incorrect. We now know that the efficiency of 
coke to charcoal in the blast furnace is about 4 to 1, so that after allowing 
2 to 1 as the ratio in substituting one fuel for the other the percentage of 
coke on the charge was double what it should have been, and made trouble. 

The Utah smelters abandoned the use of charcoal long before the 
Colorado operators. Emmons stated? that the fuel consumption of the 
Leadville smelters averaged 22 to 24 per cent, while in Salt Lake Valley 
14 to 17 per cent was then the rule. The former used mixed coke and 
charcoal; the latter presumably coke alone. He says: ‘“‘Charcoal of good 
quality will smelt more charges in the same time than coke, but coke 
will make cleaner slags and less flue dust than charcoal. A mixture will 
be more advantageous economically in many localities than either alone.”’ 
This reflects the opinion of that time. The long accepted myth that more 
fuel was needed at higher altitudes is open to serious question, at least 
in the opinion of the present writer. The Colorado smelters continued 
to use the mixed fuel until about 1892. The abandonment of charcoal 
was a great improvement metallurgically and economically. 

In present practice it is customary to figure the amount of coke 
needed in terms of fixed carbon, and the usual percentage is 9 to 12 per 
cent of the furnace charge (ore plus fluxes). Metallic iron, usually in 
the form of scrap iron, has been in general use in lead smelting. If in 
solid form so as to carry down to the tuyeres unchanged, it may be 
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figured as displacing the coke pound for pound, but tin cans and iron turn- 
ings cannot be so figured. 


The Blast 


In the small furnaces of early days the blast was supplied by small 
Roots blowers and the pressures employed were low. The Baker blower 
gained favor in the 80’s and was largely used in Leadville, Pueblo and 
Denver until the Roots company built a sturdier machine than their 
older models with less air slippage than the Bakers, and so again gained 
the supremacy. The Connersville blower became a serious rival of the 
Roots and offered some structural advantages. The East Helena plant 
adopted electrically driven piston blowers, which certainly possess theo- 
retical and probably actual economies. All these blowing engines of 
increased capacity and power are rendered necessary by the increasing 
size and height of the enlarged furnaces. 

It was customary up to about 1900 to have all the blowers driven 
from a common line shaft and deliver into a common blast pipe from 
which the individual furnaces took their supply. This arrangement 
worked well if all the furnaces offered the same resistance, but if any one 
of the battery tightened up, and consequently needed more pressure, it 
failed to get its share. The later practice of providing an adequate blower 
for each furnace resulted in increasing tonnages. 


Dust and Fume 


Flue dust and metallic fume have already been mentioned as dangerous 
avenues for metal losses. The really sinful disregard for the waste of 
nature’s resources which characterized the first years of the Eureka opera- 
tions gave place to efforts to cut down the fume and dust loss. The 
Richmond Consolidated Co. built a system of sheet-iron dust flues, 8 ft. 
wide by 8 ft. high with hopper bottom, 800 ft. long, leading to a wooden 
stack 40 ft. high located on a hillside 200 ft. above the furnaces. The 
metal loss in 1873 before the flues were installed was reported by the 
company to be 20 per cent, while in 1874 after the flue system was com- 
pleted the loss had been reduced to 12 per cent, of which a large proportion 
was accounted for in the speiss, which was thrown over the dump. 

In the same year the Eureka Consolidated built a similar flue system 
800 ft. long. Presumably other plants took the hint and adopted this 
simple economical measure. 

From this time on until the turn of the century the prevailing practice 
favored large brick chambers with zigzag turns to expand and slow up 
the flue gases, and allow the dust particles to settle. Then it came to 
be recognized that cooling and friction were very important aids. The 
system of hanging in the flue groups of parallel iron plates in line with 
the travel of the gases, as used by Freudenberg at Ems, Germany, or the 
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Résing system of suspended wires was widely used and found to be very 
efficacious. If the gases have been previously cooled, friction with the 
plates settles the dust rapidly. 

A great advance was made when the practice was adopted in the 90’s 
of filtering the furnace gases through cotton or wool bags. According 
to W. R. Ingalls!? the use of filter bags goes back to 1850. In 1851 
Wetherill, at the New Jersey Zinc Co., used bags to collect the zinc oxide 
in connection with his process. Bartlett used a baghouse to collect the 
zinc-lead pigment at his works at Joplin, Mo. The first recorded 
attempt to use the baghouse for lead furnaces is mentioned by Emmons? 
as having been tried at the Grant Works in Leadville about 1879, but only 
experimentally. Malvern W. Iles and associates at the Globe Smelting & 
Refining Co., Denver, deserve the credit for working out the problem of 
the large baghouse for lead smelting. It is standard practice today, 
though with numerous variations. 

For many years the smelters enjoyed comparative freedom from com- 
plaint and lawsuits on account of smoke nuisance. In a scattered com- 
munity, usually interested in mining, the occasional whiff of sulphur smoke 
was all in the day’s work, and the killing of the vegetation was a matter 
of indifference, but as the neighboring population increased, and especially 
as farmers found that ‘‘smoke-farming”’ could be made more profitable 
than truck farming, the smelters began to have their troubles. A long 
series of lawsuits with volumes of expert testimony, resulted in court 
decisions that established a series of definite codes regulating the maxi- 
mum percentage of free SO. that can be released in the furnace gases. 
These factors vary with atmospheric conditions, humidity, temperature, 
and so forth. 

This situation naturally put severe limitations on the smelting com- 
panies and called for numerous expedients to meet local situations. A 
policy frequently adopted was to buy up all the farms in the vicinity and 
resell them with a smoke clause in the deed. Some even established 
farms to prove to the doubting farmers in the neighborhood the advan- 
tages of smelter smoke as an insecticide. 

The last word in means for recovering dust and fume from furnace 
gases is the direct-current electrostatic process devised by Dr. Frederick G. 
Cottrell about 1908. It was previously known that an alternating electric 
current would cause particles suspended in a fairly quiescent atmosphere 
to agglomerate and settle, but in a rapidly moving gas stream the action 
is too slow to be effective. Cottrell secured the desired result by using a 
high-potential intermittent direct current (20,000 to 30,000 volts). The 
current is discharged from electrodes of various forms, wires, rods, chains 
or plates and causes the particles of dust or fume to be deposited on 
metallic plates as collecting electrodes on the opposite side of the gas 
stream. Many structural and electrical difficulties had to be overcome, 
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but the final result is a brilliant success, and reflects great credit on the 
distinguished inventor and those operating metallurgists who assisted in 
working out the problems. As a Cottrell plant is much cheaper to con- 
struct than a baghouse of equal capacity, the former is now generally 
chosen as additional capacity when needed. Thus many plants have 
both systems in operation. 


Handling Materials and Products 


On account of lack of space no attempt will be made to record in 
detail the gradual improvements that took place in the handling of 
materials and products in the period under consideration. It must suffice 
to say that the smelters generally took advantage of the mechanical 
appliances available in the market for cheapening their operating costs, 
such as mechanical devices for unloading ore, crushing, conveying, 
sampling, bedding, roasting and delivery to the furnace. The flue-dust 
bugbear found a temporary solution in briquetting but this was never 
entirely satisfactory. It is now so simple to include flue dust, baghouse 
and Cottrell fume in the charge to the sintering machines that handling 
any kind of fine material has ceased to be a problem. Automatic ore 
sampling largely replaced the old method of split shovel and sampling 
by quartering. Mechanical feeding will be discussed more in detail 
further on. 

‘As the furnaces increased in size and output, the small hand-trundled 
slag pot, with overflow matte pot, gave way to the large brick-lined matte 
settlers and large-capacity slag cars, drawn by locomotives. With suffi- 
cient settler capacity, the practice of tapping the fluid interior of the slag 
pots and resmelting the shells, which prevailed for many years, was 
found to be of doubtful value, especially as the function of slag in opening 
up the blast-furnace charge was taken by sintered ore. The large 
reverberatory slag-settling furnaces were successful in cleaning the slags 
when conditions were favorable, but with high-zinc slags, or with furnace 
irregularities, much trouble resulted from dross and mush and the general 
operations of the plant were impeded. 

Instead of molding the bullion from the siphon tap directly into final 
bars, as was the custom for a long time, the best modern practice is to 
transport it in molten form or to resmelt the rough bars in a large drossing 
kettle, to be there drossed, poled, and dip samples taken as the clean 
lead is molded into shipping bars. Such a sample is far more correct than 
the old-time punch sample. 


Mechanical Feeding 


It is now recognized that the manner in which the charge is fed to the 
furnace can exercise an enormous influence on the mechanical and even 
the chemical reactions in the furnace, introducing disastrous irregularities 
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if carelessly done, and capable of modifying the heat balance or even 
nullifying the effect of otherwise well established factors. 

Some experienced metallurgists still cling to the virtues of hand 
feeding, but the advantages of a well designed mechanical feeding device, 
intelligently adapted to the special conditions of a given plant, have 
been amply demonstrated by the experience of the past thirty years 
or more. 

The first attempts in this direction consisted in adopting the bell and 
hopper feeder of the iron-furnace practice. O. H. Hahn’, writing in 
1882, refers in a general way to unsuccessful experiments with bell and 
«hopper feeder at Freiberg, Germany, which failed “‘because the heat 
crept up in the furnace and produced overfire.”” This was first tried in 
this country by A. F. Schneider about 1888, on a lead furnace of circular 
section at the works of the St. Louis Smelting & Refining Co. Afterwards 
the same device was applied to a round furnace treating refinery products 
at the Guggenheim refinery at Perth Amboy, N. J. There is reason to 
believe that at both places the tightly closed top caused the chimney draft 
to draw up the heat in the furnace, thereby causing a tendency to over- 
fire. Aside from this disadvantage, however, there seems no good 
reason why the bell and hopper feeder might not give a proper disposition 
of the charge if properly placed in a round furnace of limited size. 

But when it came to feeding a rectangular furnace with two bell 
and hopper feeders, as was done in the first furnaces installed in the 
Guggenheim plant at Aguas Calientes, Mexico, the first principles of 
correct feeding were violated and the metallurgical results were not 
merely unfortunate, they were devastating. This episode furnishes 
such a unique and dramatic example of ‘“‘what not to do” that it seems 
appropriate to give it mention in a history of lead smelting, however brief. 
Hiram Hixon", who chanced to be in charge of the Aguas Calientes plant 
when these furnaces were started up, about December, 1895, tells a weird 
tale of his experience. With a charge containing 14 per cent lead, there 
was absolutely no bullion produced, only slag and matte. Bars of bullion 
fed into the furnace entirely disappeared. All efforts proved useless 
until the bell and hopper device was removed and the furnaces were fed 
by hand with open top. Then lead began to flow normally. Hixon 
says that: 


after careful sampling and weighing all products, and giving credit for the lead in the 
slag, which was all high in silver and lead, it was found that 63 per cent of the lead end 
23 per cent of the silver was unaccounted for. 


Hixon attributed this extraordinary degree of volatilization of lead to 
two things: 


First that a lead furnace closed on top will soon show overfire, and the lead will be 
wholly or partially lost as volatilized fume; second, that increasing the distance 
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between tuyere level and feed floor beyond the proper height of the smelting column 
has the same effect as closing the top of the furnace. It assists in volatilizing lead by 
preventing the cold air which is drawn in above the charge from cooling the top layers 
of the charge. 


The present writer gives some slight weight to the first of Hixon’s 
reasons, but none to his second. There are numerous lead furnaces with 
closed tops operating successfully today with higher charge columns than 
Hixon describes. Taking all the facts into consideration, it is quite 
apparent that the unfortunate experiences at Aguas Calientes were due 
in major part to the incorrect placing of the coarse and fine portions of 
the charge in the furnace. 

The first successful mechanical feed was that installed on the furnaces 
of the Pueblo Smelting & Refining Co. in 1895, known, after the designer, 
as the Williams system. It was the prototype of the systems subse- 
quently adopted by many other plants. It consisted of a 3-ton rectangu- 
lar charge car with a W-shaped bottom nearly the size of the upper 
cross section of the furnace, moved sideways up to the feeder floor on an 
inclined trestle by a tail rope from a pit on the level of the ore bins, where 
the weighed ingredients were dumped into the car by the charge wheelers. 
The furnace top was closed by doors, which were opened when the charge 
car was about to discharge. Three angle bars extended across the furnace 
shaft to act as deflectors to break up the falling stream of ore, while the 
shape of the car bottom tended to throw the charge against the furnace 
walls, the correct disposition. The plan was correct in principle and it 
worked successfully. 

The next attempt at mechanical feeding was made about 1899 by 
Hiram Hixon", then superintendent of the East Helena plant of the 
United Smelting & Refining Co., later taken over by the American Smelt- 
ing & Refining Co. The battery of furnaces had been arranged for hand 
feeding through narrow slots in the level charge floor. Hixon adopted 
the Pueblo idea of the large charge car but with a square drop bottom, 
drawn up by a steel cable from a loading pit and capable of discharging 
its load through the charge slots by dropping the hinged bottom halves. 
The results were disappointing, the furnaces developed overfire, and 
after numerous trials under varied conditions, the device was allowed 
to stand idle, and the furnaces were fed by hand. 

In 1900 the present writer had occasion to visit the plant in a con- 
sulting capacity’. He induced Hixon to start up the mechanical feed 
for observation. Sure enough, the furnaces promptly got hot on top, 
but a careful study showed the cause. The fines of the charge, which 
sifted down, first made a pile along the center of the furnace under the 
feeding slot, from which the coarse lumps rolled off against the walls, 
just the reverse of what proper feeding required. A long A-shaped 
spreader was hastily built of wood, plated with sheet iron and hung 


30 BLAST-FURNACE LEAD SMELTING IN AMERICA 


longitudinally in the furnace shaft under the feeding slot, in such a posi- 
tion as to throw the falling ore stream against the furnace walls, banking 
up the fines there and allowing the major part of the coarser lumps to 
roll toward the center, thus establishing the ideal disposition. The 
furnaces picked up in speed, the slag and matte assayed lower in lead, 
and in proof that there was never any more overfire, it may be stated 
that the original wooden spreaders remained in use for months exposed 
to the furnace gases without being even charred, until they were replaced 
by permanent spreaders made of steel. 

This spreader, with occasional slight modification, is now employed as 
the basis for most of the systems of mechanical feeding of lead furnaces. 
The underlying principles involved in correct feeding were set forth in a 
paper by the present writer', and the correctness of the conclusions there 
enunciated has stood the test of 35 years experience in many plants. 

Another feeding device, which is now in use in several large plants, is 
known as the Australian feeder. It resembles in principle a furnace top 
that was used on small blast furnaces in Germany in 1858, called the 
Darby feeder. The type now employed follows the lines of a feeder 
designed by Philip 8. Morse at the works of the Sulphide Corporation, 
Boolaroo, Australia, in 1902. It was later installed by him at the Selby 
Works, California, and has been adopted at Monterrey and Torreon, 
Mexico. A similar construction was used by the present writer on one 
of the furnaces of the Cia. Metalurgica Mexicana, San Luis Potosi, 
Mexico, in 1902, the furnace making an unusually long and successful 
campaign. It consists of a rectangular smoke-pipe concentric with the 
rectangle of the upper shaft, leaving a marginal slot along the sides, and 
in some cases the ends, through which the charge is fed. The fines hug 
the walls and the lumps tend to roll to the center, giving the ideal distribu- 
tion for equalizing the upward flow of the furnace gases in the shaft. 


Slags 


The slags made in lead blast-furnace smelting are assumed to be 
composed chiefly of mixtures of ferrous and calcic silicates, with other 
bases replacing in part the iron and lime. There exists an enormous 
amount of empirical data on slags, much of which is contradictory, with 
too much generalization based on special local conditions, coupled fre- 
quently with bad observation. However, out of the experience of the 
last 60 years there have emerged certain type slag analyses which have 
proved their worth, and which are generally accepted by the careful 
metallurgist as empirical guides. They cover a wide range of variation 
of the iron and lime constituents, thus permitting a slag to be chosen 
to best meet the commercial conditions of the local ore supply, relative 
cost of fluxes, ete. 
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In the happy-go-lucky days of muscular metallurgy at Eureka, Nev., 
in the 70’s, when the unusually favorable, self-fluxing ores of Ruby Hill 
were being treated, anyone who would have talked of the necessity of 
chemical analysis, in order to make a slag conforming to a scientific 
formula, would have been regarded as a very unpractical person. Prob- 
ably many a perfectly good smelting enterprise with a rich lead property 
to back it went bankrupt because it tried to imitate the Eureka rule- 
of-thumb practice and smelt a refractory ore without fluxes. In chap- 
ter X of Raymond’s Report for 1872 there is an excellent article by Hilers 
and Hahn jointly, in which the fundamental principles of lead smelting 
are set forth, including the theory of fluxing refractory ores. As these 
Government reports had a wide circulation, it is probable that this 
article had an immediate effect in improving the practice in this respect, 
and certainly this was true in the Salt Lake Valley smelters, as stated 
by Hahn’. 

A few years after the article by Eilers and Hahn was written, Eilers 
had embarked actively in the smelting business. While operating at the 
Germania Works, and later at the Flagstaff mine, he traced back the 
analysis of some of his best slags to the corresponding chemical formulas, 
and settled upon certain of them as types’. Based upon the ratios of 
CaO to FeO, he called them “quarter,” ‘‘half,” ‘“‘three-quarter” and 
- “one to one.” He figured the other bases present as replacing the main 
bases at their relative molecular value, MnO as replacing FeO, and MgO 
and BaO replacing CaO, then allowing room for other foreign bases (RO) 
such as ZnO and Al:O3, but not altering the SiOs percentage except 
empirically as the behavior of the furnace and the appearance of the slag 
required it. 

August Raht, at the Horn silver mine, and Albert F. Schneider, with 
his assistant, T. 8. Austin, at the Germania smelter worked out in 1880 a 
formula for the one to one slag, practically similar to the Hilers type", 
and treated the “‘foreign bases” in the same manner. 

These type slags were not universally accepted by the metallurgists in 
the 80’s and 90’s but, as a matter of fact, all were following more or less 
the same line, conforming to certain approved analyses, and correcting the 
slag empirically by actual observation. For, after all, the ultimate test 
of a correct slag was its physical behavior and characteristics, its freedom 
from lead and silver, and its favorable influence on the furnace. 

In 1902, T. 8. Austin and William Allen Smith, at the El Paso plant of 
the American Smelting & Refining Co., developed an entirely new and 
most significant theory of slags, which has worked out in practice with 
signal success. The theory assumes that a slag is practically a chemical 
salt, or a combination of base and acid, and that a correct slag is one in 
which the silica is exactly neutralized by the bases. Primarily, the 
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general proportions or type of the slag must be chosen in view of the 
commercial conditions. Its formula can then be deduced from the aver- 
age of a great many analyses of good slags. Following this plan, they 
selected four principal types, which happened to correspond fairly closely 
with the Eilers types; one to one, three-quarters, one-half and two-fifths, 
but with an important difference, in that all of these El Paso type slags 
presented the same ratio between the acid and bases, which the Eilers 
types did not do. 

The neutrality factors, together with a convenient table of the Austin- 
Smith slag types, have been published in H. O. Hofman’s Metallurgy of 
Lead, 1918 edition, page 311. 

In their calculations, the foreign bases, MnO, MgO, BaO, etc., were 
to be given their atomic value in replacing the principal bases, but Al2Os, 
ZnS and ZnO were considered as inert, not combining with silica, but 
dissolved or suspended in the neutral slag magma.* Fluorspar was also 
considered as similarly inert, the Ca not to be counted with the CaO. 
Therefore, instead of following the Eilers method of keeping the SiO. 
unchanged and lowering the FeO plus CaO to make place for the foreign 
bases, the Austin-Smith method was to reduce the three main slag ingredi- 
ents sufficiently to accommodate the foreign bases, but keeping the 
relationship between the SiQe, FeO and CaO equivalents unchanged. 
The neutrality of a given slag can be tested by multiplying the FeO and 
CaO equivalents by the corresponding saturation factors and comparing 
the total with the actual silica. This theory offers a very satisfactory 
and practical working basis for the lead metallurgist. 

However, the last word has not been said on the subject of the com- 
position of slags in general. It must be admitted that the microscopic 
studies of solidified slags seems to throw doubt on the role of the par- 
ticular silicates assumed to take part in the slag types we have been 
discussing. Dr, William Campbell” in explaining certain silicate dia- | 
grams makes the following sweeping statement: 


The above diagram shows the absurdity of figuring MgO as CaO in calculating 
blast furnace slags. Furthermore to give chemical formulae to any slags, ferrous or 
non-ferrous is quite as absurd, because they are all mechanical mixtures when examined 
under the microscope. 


Coming from such an eminent authority as Dr. Campbell, this statement 
is something of a bombshell. It can at least be said, however, for the 
slag formulas and types, that they have served a useful practical purpose 
as working theories in the development of present lead-smelting practice, 
and until the practical metallurgist learns to run his furnaces on slag 
diagrams, freezing curves, and eutectics, he will probably cling to his old 
slag types. 


* Private notes. 
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Preparation of the Ore 


A very important adjunct to the smelting operation has been the 
preliminary preparation of the ore and especially the elimination of the 
sulphur by roasting. Wartenweiler, at Winnemuck plant, Utah, in 1873 
or 1874, appears to have been the first to roast and resmelt matte”. 
For this he used heap roasting, and later stalls. He was then able to cut 
down his use of barren iron flux, which costs up to $18 per ton. He then 
started roasting some sulphide ores, both in heaps and in a double hearth 
reverberatory 9 ft. wide and 15 and 17 ft. long, respectively, using lignite 
for fuel. 

After this demonstration of the advantages of roasting the crude ore 
and the matte, the practice became general, and the long-hearth, hand- 
rabbled reverberatory roaster became the standard practice and was in 
general use until about 1908, when it was replaced by the blast-roasting 
processes. In the meantime, however, various types of mechanical 
roasters came into use, displacing to some extent the hand roasters, and 
even after the introduction of blast. roasting continuing their usefulness 
for preroasting the sulphide ores and mattes. 

It was the copper smelters that did the most to develop the mechanical 
roaster. Beginning with the O’Hara, which simply dragged the rabbles 
by chains along the hearth of a former hand-rabbled furnace, the Brown- 
O’Hara protected the chains by placing them in corridors alongside the 
hearth. Then came the Brown-Horseshoe, the Keller, the Ropp, the 
Pearce, and a long line of hyphenated patented furnaces, as one inventor 
made a small improvement on a previous one. Of these, the Brown- 
Horseshoe, the Pearce and the Ropp were the ones of the flat hearth type 
most used by the lead smelters. The Godfrey, a circular revolving hearth 
with stationary rabbles, was used in connection with the Huntington- 
Heberlein blast-roasting process, and the Herreshoff and Wedge multi- 
shelf furnaces have been much used for preroasting matte. It is not 
necessary to describe these various types, as they are adequately pictured 
in the standard works on lead metallurgy. 

It cannot, however, be said that the lead metallurgist was ever truly in 
love with the mechanical roaster of any type. The difficulties caused 
by the low melting point of the lead compounds, gumming up the rabbles 
and building up the hearth whenever the temperature got out of control, 
caused constant shutdowns and worries. 

The Brueckner cylinders were free from these troubles and had quite 
a vogue, but they as well as the hand roasters and most of the mechanical 
roasters have given way to blast-roasting processes. 

Of the blast-roasting processes, the first to be adopted on a large 
scale was the Huntington-Heberlein method, which was originated in 
Italy in the 90’s and covered by U. S. patents issued in 1897 and 1898. 
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It consisted of five operations: preparing of crushed ore, mixing of lead 
ore and limestone, rough roasting in a reverberatory furnace, moistening 
the rough-roasted mixture, igniting at the bottom, forcing air through 
it in an iron pot (updraft), discharging and breaking the large cake of 
agglomerated charge so formed. The theory upon which the original 
patents were based—that the lime had an important chemical effect 
essential to the process—was a fallacy. It has since been demonstrated 
conclusively that the useful function of the lime was to isolate the sulphide 
particles from one another and prevent their melting together, and this 
function could be served by other refractory particles, such as silica. The 
invention, however, was a great contribution to the art of lead smelting, 
ranking in importance, in the opinion of this writer, with Ahrents’ inven- 
tion of the siphon tap. The process found extensive application in 
Australia and the patent rights were purchased by the Guggenheim 
interests for use in this country. Large plants were installed in the first 
years of the present century and it was generally agreed that some of the 
hitherto serious problems of roasting and smelting of lead ores were 
satisfactorily solved. The old troubles of reverberatory roasting were 
forgotten and the coarse fragments of Huntington and Heberlein agglom- 
erate made beautiful material for the blast furnaces. 

One of the disadvantages was the cost of breaking up the big 10-ton 
cakes of hot, dense agglomerate, and this, together with the great cloud of 
suffocating leady dust that followed the dumping of every pot, was 
unhealthful for the workmen and caused an unusually large amount of 
lead sickness®, 

The pioneer work in blast roasting in this country by James W. Neill’® 
should not be overlooked. In 1883, at Mine La Motte, Mo., with a crude 
hearth improvised from an old Scotch-hearth furnace, he roasted some 
nickeliferous pyrite with an updraft air blast. Later, in 1889, at the 
Harrison Reduction Works, Leadville, he converted an idle blast furnace . 
into an updraft roasting apparatus by arranging a horizontal grate above 
the tuyeres and leaving out the front jackets for a working door. On this 
he roasted a considerable tonnage of lead sulphides. 

Taking the hint from this device, John Williams, at the neighboring 
Arkansas Valley plant, built a more elaborate roasting plant on this 
principle, with a battery of grates, which operated for some time but was 
finally abandoned. 

In 1894, Neill, operating in Bingham Canyon, Utah, built a small 
updraft grate furnace to treat some sulphide copper ore from a leased 
property, but a larger plant was built by him for the Yampa smelter, 
in Bingham Canyon and treated successfully several hundred tons. 
This furnace was sold in 1902 to the Boston & Montana smelter at Great 
Falls, Mont., where it was operated under the direction of R. L. Lloyd 
and roasted about two thousand tons of copper concentrates. Lloyd 
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was later associated with the present writer, then general manager at 
Cananea, Mexico. There was a large tonnage of fine sulphide copper 
ores and concentrates, with only blast furnaces to smelt them. Recog- 
nizing the possibilities of improving on the blast-roasting method of Neill 
with which Lloyd had been familiar in Montana, a series of experiments 
were commenced in 1905 on the Cananea ores with improved apparatus. 
They found that with an updraft blast, the product while desulphurized 
was very irregular in physical character and contained a large proportion 
of fines. Careful study of the procedure when using the shallow grates 
and also deep updraft pots brought the conclusion that the fines resulted 
principally from the agitation of the particles by the air blast, and that 
if the particles could be held in quiescence in contact with one another 
along the surface of exit of the gases they could be sintered into a coherent 
cake. Various expedients were tried to effect this, but the simplest and 
the one that finally did the trick was to reverse the air blast. This was 
the basic idea of the resulting Dwight & Lloyd downdraft process of 
roasting and sintering”. 

A layer 4 to 6 in. thick of moistened fine ore of uniform density placed 
on the grate, ignited on its upper surface and subjected to a downward- 
moving air current, generally by suction, would roast and sinter the 
charge to a coherent porous cake, easily broken to convenient size for 
blast-furnace charging and peculiarly susceptible to easy and efficient 
reduction by the furnace gases. This product came to be known as 
“D, & L. sinter.” The ignition being on the upper surface made it 
possible to devise continuous operating machines for carrying on the 
process under highly efficient and economical conditions. The crushed 
material to be sintered is stored in bins equipped with automatic feeders, 
which can be set to deliver continuously definite proportions of ingredients 
to a conveyor belt moving in tandem with the sintering machines, thus 
making the entire system continuous. It is now standard practice in 
most lead smelters, and is so adequately described in the textbooks and 
technical literature that no detailed account will be given here. It is now 
used throughout the world. The process has found more general applica- 
tion in smelting lead, zinc, nickel and iron than in smelting copper, for 
which it was originally worked out, as in copper smelting the reverbera- 
tory furnace remains supreme. 

It may not be amiss, in a historical discussion to resuscitate the results 
of a study of the relative efficiencies (Table 4) of the different roasting 
processes used in lead smelting, which the present writer made some 
years ago and which was first published in 19117. 

The hearth area for the purposes of this comparison was taken as the 
area of the layer undergoing treatment, which in the Dwight-Lloyd 
_ sintering mechanism is the area of the suction box. The reader is referred 
~ to the original article for further details. 
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The facility with which zinc sulphide was broken up in the steady 
blast of fresh air on the sintering machine, compared to the sulphur-laden 
gases of the ordinary hearth roasting furnace, furnished an opportunity 
to solve one serious problem confronting the lead smelters in the early 
1900’s due to the increasing tonnages of very zincky lead concentrates, 
and especially flotation concentrates which came up for treatment. The 


TaBLE 4.—Efficiency Factors of Ore Roasting 


Efficiency Factor, Character of 
Ore Treated per Product for 
Day per Sq. Ft. Blast-furnace 
Hearth Area, Lb. Smelting 
I Roast, heaps;and: stalls c-24j..st stores ists 5to 20 Good 
II. Reverberatory roasters: 
Ieetand' roaster ance cere as wit. ora neat ere eee 24to 35 Fair 
2. Mechanically stirred: 
Average! CONGIMONS sei om ote te ee ot 33 to 75 Too fine 
Special conditions yeeros tere 150 Too fine 
3. Revolving cylinder. . BF Le RT eT NT 128 Too fine 
IIl. Blast roasting in pots, average. ...............- 500 to 900 Excellent 
600 Excellent 
IV. Blast roasting in thin layers, Dwight-Lloyd 
system: 
1. Intermittent downdraft pans................}| 1000 to 2000 Excellent 
2. Continuous sintering machine...............| 2200 to 3000 Ideal 


usual preliminary roasting on hearth furnaces followed by the sintering 
process did not relieve the blast furnaces of the “‘zinc-mush plague.” 
An improved technique was worked out at the East Helena plant of the 
American Smelting & Refining Co. about 1912 by Guy C. Riddell, then 
superintendent, whereby a properly adjusted and prepared ore charge 
was passed twice over the D. & L. machine, giving it what has come to- 
be known as “double roasting.” This procedure has been of great 
benefit to the lead smelters in taking care of blast-furnace charges high 
in lead and containing much zinc. 

Aside from the purely mechanical advantages of the D. & L. process, 
which are attested by numerous authorities, the remarkable diminution 
in the terrible results of lead poisoning of smelter employees, which for 
many years was the curse of the industry, should be mentioned. To 
quote from the U. 8. Government Report previously referred to: 


Not only has this process (D. & L.) cheapened and improved the work in every ~ 
metallurgical sense, but the conditions of operating can be made far superior from the 
hygienic standpoint to those of any other similar process. This comes from the fact 
that a positive suction at all points of the active operations can be made to draw all 
gas, fume or smoke from the machine and not permit it to escape and po’son 
the workmen!8, 


ARTHUR S. DWIGHT Biel 
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Sintering Lead Ores 


By H. J. Sreuu,* Memeer A.I.M.E. 


PropaB.y the earliest sinter from lead ore was made in the product 
sinter boxes attached to some hand reverberatory roasters. The 
ore was drawn from the roaster bed when dead roasted, and then by 
laborious effort fritted together by rabbling at a high temperature in the 
sinter box. This was not a true sinter, but was a great improvement over 
the dusty dead-roasted fine ores. 

The Huntington-Heberlein pots were the first real advance in the art, 
and produced some real sinter. They required that the sulphides be 
preroasted to 5 or 6 per cent sulphur, and the long cycle of operating and 
deep bed of material used in the pots fostered the formation of densely 
fused material and fines. This necessitated crushing of the densely fused 
cake and returning to the next charge large amounts of fines screened out. 

The Huntington-Heberlein pots made comparatively high lead losses 
because the deep bed and high internal temperature together favored the 
volatilization of lead. Lime (CaO) was added to the charges, and this 
addition constituted the patented feature of the Huntington-Heberlein 
process. Its sole function we now know was to act as an isolator of the 
sulphide particles, and any other substance—for instance, iron oxide—of 
equal fineness performed the same function. 

The Savelsberg process used limestone instead of burned lime, and in 
this there was a definite advantage. The converting of CaCO; to CaO 
is a highly endothermic reaction, so the lime acted not only as an isolator - 
of sulphide particles but absorbed excess heat and to some extent pre- 
vented premature fusion of the sulphides. 

The Carmichael-Bradford process used gypsum instead of limestone, 
and had the disadvantage of adding more sulphur to a charge from which 
it was desired to eliminate sulphur. Here again the gypsum served only 
as an infusible isolator of sulphide particles. 

The first Dwight-Lloyd apparatus to sinter lead ores commercially 
was installed at Perth Amboy in 1907. The fact that lime in any form 
was necessary to sintering was quickly disproved by making excellent 
sinter from Bunker Hill and Sullivan table concentrates, silica sand and 
iron oxide only. 


Manuscript received at the office of the Institute Sept. 17, 1936. 
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Some of the lead sulphide ores, and more especially lead matte, proved 
troublesome to sinter until it was discovered that the 14-in. size to which 
they were crushed for the hand roasters was entirely unsuitable for the 
sintering machine. Finer grinding solved this difficulty. 

The Dwight-Lloyd machine was successful in making a highly desir- 
able blast-furnace product from a large variety of lead-bearing materials. 
Sintering was rapidly adopted by lead smelters in the United States, 
Canada and Mexico, and subsequently all over the world for sintering 
lead ores, because of the superiority of the product and the simplicity 
and low cost of the operation. 

Soon hand and mechanically rabbled reverberatory roasters, Brueckner 
roasting cylinders and other similar devices were completely discarded 
by lead smelters, and a little later most of the pot sintering plants 
were abandoned. 

Many of the so-called lead ores and concentrates of the early days, 
except those from Missouri and Wisconsin, were lead ores only by 
courtesy. They sometimes contained more zinc than lead, and usually 
enough zinc to make plenty of trouble in the blast furnaces. ‘Today all 
of these ores are treated by selective flotation, so that now the lead- 
sintering plant gets reasonably zinc-free ores and concentrates, and the 
formerly troublesome zinc now goes to zinc-sintering plants, where it is 
very successfully desulphurized and sintered. 


DIFFICULTY WITH HIGH SULPHUR 


The difficulty in the earlier days was that the ores contained lead 
sulphides with a low fusion point and zinc sulphides with a very high 
ignition point, as well as slag-forming substances capable of forming slags 
of low fusion point. If the sintering were conducted at a low temperature, 
the lead sulphides would roast until the heat developed reached the fusion 
point of the lead sulphides or the fusion point of the slags. The zinc 
sulphides would remain almost unaltered, because even if temperatures 
were reached at which the zinc would desulphurize readily, the whole 
charge was so covered with a slagged coating that the air could not reach 
the zinc sulphide particles. As a matter of fact, unless sulphide con- 
centrates containing much zinc were given a long preroasting treatment 
to break up the zinc sulphides, they sintered poorly. 

However, even in smelters treating lead charges containing no zinc, 
as at Alton, Ill., and Herculaneum, Mo., a raw concentrates charge when 
mixed with necessary fluxes contained 8 to 9 per cent sulphur. It was 
not possible to get this down by sintering much below 3 or 3.5 per cent 
sulphur by one-pass sintering, therefore matte in considerable quantities 
was produced in the furnace, and this had to be ground and re-added to the 
sintering charges, where it made trouble usually unless ground very fine. 
The whole trouble came from the fact that even with a low ignition and 
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careful operation, if a charge had more than about 6 per cent sulphur, tem- 
peratures would be developed as the sintering progressed that would 
finally fuse the remaining lead sulphide into matte—whereupon roast- 
ing ceased. 

In other words, a charge contained so many heat units that if an 
attempt was made to burn them up in short periods in sintering, excessive 
temperatures were generated. This action could be counteracted to 
some extent by taking steps to absorb as much heat as possible in one 
way or another, run thinner beds, add limestone where the slag composi- 
tion permitted, or iron flux in the form of limonite or carbonate if avail- 
able, or other substances containing combined water or carbon dioxide, 
which would absorb much heat in being driven off and so hold down the 
temperature in the sinter bed. 

Water absorbs excess heat in evaporating, therefore should be used in 
as large a proportion as possible. An ideal condition existed when a 
plant had all of its sulphides in the finest possible condition, minus 200- 
mesh flotation concentrates, and its iron in the form of fine limonite. 
If the SiOz was contained in the sulphide concentrates, and this charge 
was properly mixed and conditioned by pelleting, 8 to 9 per cent initial 
sulphur could be reduced to 1 or 1.5 per cent in the sinter. 

However, such ideal conditions seldom occurred, and even when found 
could not have much effect because there was no proper mixing apparatus 
for pelleting the charge. For most ores, limitations made 4 per cent S in 
the sinter the low average possible, and this was not enough to avoid the 
formation of matte in the blast furnace; therefore all plants searched for 
a way to get lower sulphurs in the sinter. 


DovuBLE SINTERING 


It was found that in preroasting ores, it was not necessary to do any » 
very thorough roasting to get good results in the subsequent sintering; 
in fact, provided sulphides were given a ‘‘singe’’—if I may use that word 
—so that the surface of the particles was roasted, the tendency to fuse 
prematurely was stopped. As many works had no preroast furnaces, 
they began to try to find substitutes, and the Dwight-Lloyd machine 
itself was the one readily available device. As a roaster on straight high 
sulphides, it was not very satisfactory, because, as already explained, 
violent action due to high sulphurs caused quick blinding of the bed by 
matte and stopping of the roasting action. 

The next thought was, since the trouble was that at a certain point in 
sintering a charge the cumulative heat was too much, why not sinter up 
to this point, then stop, cool down the sinter, crush it, and then mix it 
with water again and start over a second time? This would give a 
preroast and would put all the material into a granular condition (like 
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popcorn), as that is the effect of a quick preroast, especially if after the 
preroast it is suddenly chilled by wetting down. 

When this was tried, the product sintered well on the second sintering 
if a certain minimum of sulphur was present. This was easily attained 
by the addition of small amounts of raw sulphides if the first roast was 
too low. Asa matter of fact, a small amount of raw sulphides is a great 
help to the ignition, particularly if it can be fed out on the top of the 
charge. Other things being equal, the top layer of a bed can stand much 
higher sulphurs than the bottom, because the cooling effect of the air is 
greater on the top and the bottom is subjected to cumulative heating 
from above. If a segregating hopper is used, the sulphide fines are 
almost sure to be mostly on top. 

This double sintering worked out so satisfactorily that soon it was 
almost universally adopted, and today a lead furnace makes no matte, 
or only the minimum amount that may be necessary to keep silver low 
in the slags. 

Another variation of this method less used, but quite as good in many 
ways and having one great advantage in small plants—that of requiring 
only one sintering machine—consists in constantly returning to the 
charge an amount of finely crushed sinter—about 50 per cent. The 
result of this is a lower initial sulphur and the forming of an open and 
granular charge, so that upon sintering a low-sulphur sintered product 
is made. 

The disadvantages of this method are that good, solid sinter must be 
crushed to furnish the material for mixing with and diluting the sulphur 
of incoming raw concentrates, whereas in double sintering the first sinter 
needs practically no crushing, as it is usually, if sintered at all, very 
friable. The advantage is that only one machine or set of machines is 
required—that the feeding, conveying and mixing are much simplified 
from that required for double sintering, and installation costs are there- 
fore lower, even when the sinter-crushing apparatus is figured in. A 
distinct advantage lies in the ability to change the procedure to suit 
changes in ore supply or charges. 

It is simply a matter of crushing and returning more or less of the sinter 
to suit conditions. For double sintering, the number of preroasting and 
finish-sintering machines required must be decided before the plant is 
erected. If this number is miscalculated, either there will not be enough of 
one or the other to permit of first roasting and finish-sintering a given num- 
ber of tons in the same time, and even if this is determined correctly, a 
change in ore supply later on may throw this balance out. One peculiar 
effect of the double roast made on two machines is the formation of metallic 
lead. This does not occur by the sinter-returns method. The explana- 
tion is that in the double sintering, little or no sinter is formed in the first 
roast. Hence such PbO as is formed is not combined with SiOz as in 
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returns sintering; hence, when sintered the second time, there is a chance 
for the reaction between PbS and PbO to form metallic lead. 

Frequently Cottrell fume, baghouse fume, and other materials carry- 
ing lead oxide, are added to the charge for the second roast, and whenever 
this is done, metallic lead may be looked for, often to such an extent as 
to cause trouble in removing it from the windboxes. With baghouse 
fume, this difficulty can to a considerable extent be eliminated by adding 
the baghouse dust unburned to the charge instead of burned in the 
baghouse as is usually done. The unburned dust contains large amounts 
of lead sulphate and atomically fine volatilized lead sulphide, and if 
unburned dust is added there is little opportunity for the PbO-PbS 
reaction to take place. 

One interesting result of double sintering lies in the effect on lead 
blast-furnace operation. If, as at some plants, the entire blast-furnace 
charge is sintered, the blast furnace merely becomes a melting device, 
and a remarkable increase in capacity results. The same furnace that 
would smelt 100 tons of unsintered charge in the old days and would 
smelt 250 tons of charge containing ‘sinter has smelted up to 600 tons 
per day when the entire charge, including fluxes, was made up at the 
sintering plant and double-sintered. At the majority of lead smelters, 
more furnaces are standing idle than are in blast, and the furnaces actually 
in blast are often handling larger tonnages, owing to the sinter, than all 
the furnaces together could handle formerly. 


LEAD SULPHATE IN SINTERING 


Lead sulphate from storage-battery scrap, or lead sulphate acid sludge 
from acid chambers, can be sintered mixed with lead ores, or alone with 
carbon as fuel, and converted into a first-class material for blast-furnace 
feed running up to 80 per cent lead, depending on the amount of foreign 
matter contained in the lead sulphate sludge. 

Adding carbon to sulphate alone makes an ideal charge; there being 
very little or no slag-forming material, aside from the ash contained in the 
fuel, there is no danger that the reaction will be stopped by slag coating 
over the metal. Sulphate treated in this way produces a rather dense 
sinter consisting mainly of fused lead oxide, something like burned bag- 
house dust but more porous, and in flat slabs. This sinter contains a 
fraction of 1 per cent sulphur. One peculiar feature of this particular 
sintering is the production of a gas high in SOs, indicating that with 
carbon as a fuel PbSO, is broken up into PbO and SO; directly. 

In the sintering of sulphate sludge, such slag as is formed is undoubt- 
edly due to silica contained in the coal ash and possibly as impurity in the 
sludge itself. A very small amount of SiOs in finely divided form, as this 
is, combines readily with some of the lead oxide, and goes a long way in 
forming binding material for the lead oxide. 
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MIxING AND PREPARATION OF CHARGE 


There is room for improvement in sintering as practiced today, in 
the mixing and preparation of the charge. Oldright points this out very 
clearly in his Report of Investigations on Smelting in the Lead Blast 
Furnace. Most lead-sintering plants originally used pug-mill mixers of 
the trough type. This was a very efficient form of mixer because it has a 
beating action when run at the right speeds. Lumps were broken up 
and the ingredients of the charge were very thoroughly intermingled. 
But the trough pug mill had one very serious defect—that of rapid wear 
of the paddles—caused by a hard lining built up by the ore inside the 
trough, against which the paddles must grind. This lining packed harder 
and harder as the paddles wore down, and not only caused undue power 
consumption but frequent renewal of paddles, which was expensive and lost 
time. Most of the charges sintered in early days consisted of table concen- 
trates and other concentrates or ores, few of which were fine, and most of 
which could be made to produce sinter of a sort even if run alone, without 
the admixture of other ores, so that perfect mixing was not essential. 

Much experimenting was done with a view to finding a mixer that 
would not be subject to wear, and at East Helena a mixer that is generally 
in use today was developed. This consists of a rotating table on which 
the charge isfed at the center. Over the table are placed one or more sets 
of rabbles made of pieces of flat steel, bolted to an arm or arms extending 
radially from the center of the table. These rabbles are set at an angle, 
so as to turn over the charge and scrape it outward from the center of the 
table and over the edge. Water, if needed, is sprayed on the charge as 
it is turned over. As long as the charges to be mixed consisted of mate- 
rials not too fine, not lumpy, and most of which could be made to sinter 
alone, this mixer did very well—and cost practically nothing for upkeep. 

Such mixers were almost universally adopted by lead-sintering plants. 
Where lumpy concentrates or similar materials had to be treated, dis- 
integrators of one sort or another were installed in tandem with the 
mixing tables, so that the lumps were broken up and the charge given a 
thorough beating—which the table could not do. Where such disintegra- 
tors are used, a very thorough and satisfactory mix is obtained. The 
mixing table alone cannot give a really satisfactory mix with the sort of 
ores that compose the lead charge today. 

The fact that charges are subjected to a double roast and two mixings 
helps a good deal, because the preroast serves to pop open or break 
up many of the lumps of concentrates, although at many plants a good 
many still may be found in the second sinter unsintered and only 
partially roasted. 

This condition can be entirely eliminated, and an almost perfect mix 
be obtained, by the use of a type of pug-mill mixer in general use in zinc- 
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sintering plants, where a perfect mix must be obtained to get results in 
sintering. This type of pug mill, while having all the good points of the 
old type, has almost none of their defects. Power consumption is very 
low, and paddle wear is principally confined to the last five or six paddles 
on the mill, where the water is added to the charge. These are very easy 
to replace. 

The mill consists of a slowly revolving drum, inside which a paddle 
shaft revolves at high speed in the opposite direction. The material is 
fed in at one end of the drum; the paddles beat it up and throw it across 
the rotating drum, which carries it back into contact with the paddle 
shaft again. Thus the charge is repeatedly beaten up as it moves down 
the drum, and it comes out mixed at the other end. 

Because the drum itself revolves, there is no opportunity for an 
abrasive lining to build up as it could in the old trough-type pug mills. 


MANUFACTURE OF ACID 


In the United States, no serious attempt has been made so far to 
utilize the SO, gases from lead sinter for acid manufacture. From almost 
any sintering machine treating lead ores, a certain portion of the gases can 
be selected and removed separately, which will run higher than 5 or 
5.5 per cent SO2. The sintering machine can be specially constructed 
and operated to make a high proportion of gas high enough in SO; for acid 
manufacture, more especially in the second roasting operation, where the 
charge is in a physical condition that permits the use of deep beds, which 
are essential to the production of a high percentage of rich SO, gas. 
However, generally this must be done at the expense of sintering capacity 
or low sulphur in the sintered product, as the conditions that go toward 
making a high proportion of gases rich in SO, are just the opposite of those 
required for producing a high output of low-sulphur sinter. Oldright has 
given some interesting figures on SO contents of gases on both first roast 
and second roast machines that were not specially built or operated for 
the production of gas rich in SOg. Gases as high as 15 per cent in SO. 
were found, but it is noticeable that these high-SO2 gases were from an 
11-in. bed second roast, whereas from 7-in. bed second roast the highest 
results obtained were a little under 7 per cent. 


STANDARD PRACTICE 


‘The standard practice today seems to be to double-sinter the ore on 
Dwight-Lloyd machines—thus doing away with mechanical roasters. 
The first roast gives a quick elimination of the first few units of sulphur, 
which otherwise would raise the temperature too much and cause excessive 
fusion in the final sintering. The result is a low-sulphur sinter that makes 
little or no matte in the blast furnace and helps greatly to increase blast- 
furnace tonnages. 


Blast-furnace Practice at Midvale, Utah 
By Gaten H. Crevencer,* Memper A.I.M.E. 


Equipment for treating lead ores was added in 1905 to a copper plant 
which the United States Smelting Refining and Mining Co. had built in 
1902 at Midvale, Utah, about 12 miles to the south of Salt Lake City. 
By 1906 the lead section of the plant had been rounded out and con- 
sisted of a 90-ton gravity concentrator, fifteen hand-rabbled reverbera- 
tory roasting furnaces, six blast furnaces, a briquetting plant for handling 
flue dust and fine ores, a regulus furnace for concentrating the low-grade 
matte made in the blast furnaces, and a baghouse. The copper section 
was later abandoned and the plant has been operated for many years 
exclusively as a lead smelter. Some 40 years had elapsed at the time this 
plant was built since the first attempts to smelt lead ores in the West, 
and lead smelting had become a large and profitable industry but funda- 
mentally little that was really new had been developed, which could be 
embodied in a plant built in this period. Principles and tools to work 
with had remained much the same as those borrowed earlier from Euro- 
pean practice. Capacities had been increased and there were mechanical 
improvements but hand charging was still in vogue and there was little 
attempt to recover suspended particles carried out with the furnace gases, 
beyond settling in flues, which usually was only partly effective for 
recovery of the coarser particles. Satisfactory roasting and preparation 
of the fine components of the charge were still partially solved problems. 
The Midvale plant of 1906 may be regarded as more or less typical of the 
smelting plant of this period for treating complex western lead ores as 
distinguished from the recovery of lead from the simple lead ores to the 
eastward. The operation of a concentrating mill directly in conjunction 
with a lead smelter was, however, not common practice. 

The ores treated in this plant have from the beginning come from 
mines owned and operated by the company or have been custom ores 
purchased in the territory tributary to the plant. The treatment of 
custom ores is an important service to the small producer who does not 
have sufficient tonnage to warrant a plant, and serves to increase the 
tonnage of the operator of large properties, thereby helping to reduce 
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costs, but unfortunately does not simplify the metallurgical problems that 
arise on account of the constantly changing character of the ores coming 
into the plant, as contrasted with a plant treating ore from a single mine 
or a very high percentage of ore from a single mine. The lead ores, both 
company and custom, treated at this plant are variable and of the 
complex type, as indicated by the metals recovered from them: lead, zine, 
copper, gold, silver, arsenic, antimony, cadmium, bismuth and tellurium. 
Table 1 is given as typical of the performance of the plant late in 1906. 


TaBLE 1.—Performance of Midvale Plant Late in 1906 


Roasting: 
Thirteen reverberatory furnaces roasted: 
Tons 
Oe ere ee i A MOee rn er onetime Cgc Se SE 165 
Miaititeigts tes, Se ic iacs ta atce becsbe ede ok aren ie ie ees ease eee 12 
Concentrate sare teen tay eral pees tacsya teaser tat orate een 15 
Fuel ‘consumed. (slack coall)<7,-cnteime ate = tee oat 45 to 58 
Blast Furnace: 
PER CENT 
Charge Bed ore...... 35.86 Coke. per centeucersactss scr. eee 12.35 
Roasted ore.. 18.7 Lead on charge, per cent............ LIS 
Company ore 15.6 
Iron ore \(fux) ? 824-4 Blast pressure,.07. Gace: ose ees ee ee 40 
Limestone... 18.5 Charge smelted per furnace day, tons 160 
Briquettes... 2.2 Bullion produced per furnace day, tons 15.1 
Serap iron =. 0.8) /Matte tall) percent... cee eerie 5.75 
100.0 
Perr Cent 
Slag SilGase hoarse oe 33.9) Lead, percent. -...00as<6 27 0.9 to 1.5 
Ferrous oxide......... 3210 se SILVEr OS ke cee tran nier ete 0.3 to 0.6 
Calcium oxide........ 20.1 
Matte Copper, : percent. 20s 2nd SN Iaei 8 sue aha Ne Teer a 10 to 24 
Lead percent nSie branacun ccleaner ae 12 to 24 
Silver yO nari keleton 5 cb tot sai hte aOR eee ts Se 30 to 70 
Regulus Furnace: 
Charge. Raw. matte, $08). .n.c0 ue sighs ages cae es ainials Gee aes coe 8.3 
Roasted matters tonsir tas oe elles htok eee RRA a elt tens. ce 13.0 
Ore; Fons Akg iis ett. COG he one wees pele Pe WES Rice dae 4.0 
White Metal Produced: 
Conten tas Copper), periccn tiga nein cs ahi Se eee eee 72.7 
Head sper: Conti warns aise Cains seme ea Aas ae eee 5.85 
BilVery OZ) vias tet antncrrae an Men eel Meets ie cictetc ae IT eee cet te 115.5 


Robinson pot roasters were added to the plant and eventually there 
were 26. By the end of 1907 some of these were in operation. Table 2 
shows blast-furnace performance typical of this period. 

Tons of charge smelted per furnace day was only slightly greater at 
the end of 1907 than in 1906 but tons of bullion produced per furnace 
day had increased from 15.1 to 22.2. This increase is to be attributed to 


ee 


os 
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higher percentage of lead on the charge, 15.5 per cent against 11.5 per cent 
in the preceding year. 


TaBLE 2.—Blast-furnace Performance in 1907 
Par CENT 


Chatgéee Bed .OLerncwr ae AD mig Cokes errcen bar svecukycasteiqe silareue/t 13.0 
Roasted ore....... 10.7 Lead on charge, per cent..........:... 15.5 
Siliceous ore....... 6.4 Charge smelted per furnace day, tons.. 168.0 
Company ore...... 7.1 Bullion produced per furnace day, tons 22.2 
POmOaSt ee eo On Matte tallepem cent. cpm cece aries » 9.1 
fromeones (lux) neo. 0.6 
Limestone......... 18.2 
Roasted matte..... 7.2 
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100.4 

Slag ili case een a aaes 35.6 Lead, per cent. :....2h.c.=.4.,0.8. 10.2.5 
Ferrous oxide....... BO a OILVCE: ODmemete ei se ses fn ks ee ce eT 0.30 to 0.65 
Calcium oxide....... 19.8 
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Dead, pericentase, <item Pact. Bans eae ntegh Be. SLA eae a 17 
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The next decade, or up to 1916, was occupied in making additions and 
changes, which eventually were to have an important effect upon the 
operation and performance of the plant. All of these were completed 
during this period except the flotation mill, which did not go into oper- 
ation until 10 years later, in 1926. During the last 10 years, from 1926 
and up to date (1936), improvement in blast-furnace performance shown 
in the accompanying tables has been due to better use of the tools 
at hand. The blast furnaces remained the same as those originally 
installed in 1906 until 1919, when the angle of bosh, which was 20° 10’, 
was decreased to 10° 47’, width between tuyeres increased from 45 in. 
to 48 in. and width at top of jackets decreased from 6 ft. 9 in. to 5 ft. 8 in. 
as shown, in Fig. 1. The change in bosh angle did not have an important 
effect upon the operation of the furnaces at this plant. A mechanical 
system of charging the furnaces, developed by L. D. Anderson, was 
installed in 1914. The principal effect of this was to save a great deal 
of labor. 


DEVELOPMENT OF PLANT 


Increased efficiency in lead smelting at this plant therefore came 
largely from influences external to the blast furnace and to a lesser degree 
from more skillful handling of the furnace, since the furnace through 30 
years has remained substantially the same. Considerations of the devel- 
opment and evolution of the plant, which make it possible to now produce 
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as much lead with one furnace as was formerly possible with six furnaces, 
some of the problems encountered and how they were solved, are 
briefly discussed. 


Roasting and Sintering 


The first addition to the original roasting equipment of hand-rabbled 
reverberatory furnaces was, as noted, the Robinson sintering pots. 
Two Wedge roasters were installed in 1912. Two more were added in 
1914 and a fifth in 1925. Four Dwight-Lloyd sintering machines were 
installed in 1912 and two more added in 1915, making a total of six sinter- 
ing machines. The hand-rabbled reverberatory roasting furnaces, sinter- 
ing pots and regulus furnace were in due course abandoned. 


Milling 


From the beginning milling has been an important factor in the 
operation of this plant, permitting elimination of much gangue and zinc 
by a lower cost process than through the furnaces and eventually with 
production of much of the zinc as marketable product. The original 
gravity mill of 90 tons daily capacity was enlarged in 1908 to 150 tons. 
In 1910 the capacity was increased to 200 tons and by 1915 it had been 
brought up to 300 tons per day on company ore and 150 tons per day on 
custom ore. The gravity process when used on favorable ores, except 
for the slime, gave a high recovery of lead and rendered possible 
considerable elimination of zine as well as gangue minerals. The zinc, 
however, was lost and it was not possible to decrease the iron in the lead 
product to the desired extent without too great a sacrifice in lead recovery. 
In the meantime, consideration had been given to the recovery of zinc in a 
salable form, but it was not until 1909 that a process was found and 
installed that gave promise of a satisfactory technical and economic 
outcome. The original electrostatic separators supplied by the Huff 

~Company were not entirely satisfactory but after considerable investiga- 
tion and modification the plant was placed on a basis of profitable opera- 
tion and for the first time zine occurring in complex western lead ores 
came into important commercial production. The grade of the zinc con- 
centrate permitted shipment to zinc-retorting plants in the Midwestern 
gas fields. At that time none of the electrolytic plants now located in the 
West, which afford a more satisfactory market for zinc concentrate, were 
in existence. The recovery of zinc was not all that could have been 
desired, so that the company continued to consider as fast as they were 
developed various processes that promised to give a higher return. In 
1910 trials were made with a chlorination process, which was intended to 
dissolve the zinc, and in 1916 extensive tests were made with magnetic 
separation, but neither of these processes proved practicable. The Huff 
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process for partial recovery of zinc was in continuous operation from 1909 
until the present flotation plant went into operation in 1926. The 
process was used for separating a zinc concentrate from a zinc-iron mid- 
dling, made by diverting a middling streak on the tables that contained 
only a small percentage of lead. The middling was dried and put through 
the Huff separators. The company ores at this time were well suited to 
such a process, since the lead and zinc minerals were well crystallized and 
there was sufficient pyrite present to form a buffer on the tables between 
the lead-concentrate streak and the zinc-iron middling streak. However, 
in order to secure good lead recovery zinc went with the lead, and also 
in order to secure a clean middling some zine went into the tailing, con- 
sequently the recovery of zine was not high but it was an important step 
in the direction not only of eliminating zinc but also of securing some 
return from the zinc in complex lead ores. 

The company pioneered selective flotation of lead-zine ores in this 
country at the Sunnyside mill in Colorado, but it was not until 1924 that a 
pilot plant was built for thoroughly investigating the application of flota- 
tion to ores coming to Midvale. The reasons for this delay were high 
royalties demanded by owners of flotation patents, the slow development 
of selective flotation to its present state of efficiency, together with the 
fact that there was already a process in operation that was making a 
partial recovery of zinc in the form of a shipping product. The large 
mill, which now has a capacity of 1600 tons per day, went into operation 
in 1926. 

The Huff process was applied only to treatment of company ores 
having characteristics favorable to the process, whereas the present 
flotation mill treats all of the company ores and all custom sulphide ores. 
The practice at this mill has been the result of a large amount of experi- 
mental work and development. The difficulties of mill operation are 
greatly increased by the presence of a large tonnage of custom ore of - 
varying characteristics. The eventual effect of the flotation mill upon 
operation of the blast furnace has been far beyond anything originally 
anticipated. It has greatly raised the grade of the lead concentrate going 
to the smelter. It has increased the recovery of lead, particularly 
from the slime portion. The zine recovery has been greatly increased 
and a somewhat higher grade of zinc concentrate is produced than was 
possible with the Huff machines. Furthermore, it has been possible to 


separate pyrite, thereby keeping iron out of the blast-furnace charge when 
it is not needed for fluxing. 


Baghouse 


Filtration of a large volume of gases containing not only sulphur 
dioxide but also sulphur trioxide presented a serious and at the time 
unsolved problem, on account of the corrosive action of sulphur trioxide 
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upon the woolen bags. This difficulty was overcome by development of a 
process of neutralization with zinc oxide, by C. B. Sprague. The zinc 
oxide was made by burning zinc ores on a Wetherill grate connected to the 
flue system. Later it was found that lime could be used equally well. 
Since it was cheaper and gave rise to less complication, standard practice 
has since been to feed dry hydrated lime into the flue system. All the 
gases from the blast furnaces, roasters, sintering machines, drossing 
furnaces, etc., are passed through the baghouse and into a stack 450 ft: 
high. Clearance of the baghouse is very high and it is possible to have at 
all times a clear stack with practically no visiblesmoke. Reverse current, 
hand labor, and the usual nonmechanical expedients for shaking the 
bags were employed until 1925, when it appeared that more baghouse 
capacity would be required. A simple mechanical device, which increased 
the filtering capacity of the bags without shortening their life, had 
previously been developed and satisfactorily used at the Mammoth cop- 
per plant of the company. Following experimental operation under 
Midvale conditions this device was installed throughout the main bag- 
houses in 1927, and has since been in continuous and satisfactory oper- 
ation. Increase in filtering capacity of the bags, secured by more efficient 
shaking, rendered enlargement of the baghouse unnecessary. At about 
the same time, the portion of the steel roaster flue system in which con- 
densation took place required replacement. Rapid corrosion of the 
original steel flue made this necessary at frequent intervals. The life 
of this section of the flue had previously been somewhat extended by what 
was called the wagon-top flue. This flue had brick sides and a semi- 
circular top of sheet steel. Cooling of the gases was secured entirely by 
radiation to the air and largely through the metal section of the flue, as 
the brick section was a fair insulator. There not only remained the cor- 
rosion of the steel in the flue, on account of condensation, but also 
difficulty in controlling the temperature of gases. In the summer the 
gases were too hot and required water sprays on the outside of the metal 
section of the flue to secure cooling. In the winter there was too much 
radiation and insulation had to be used on certain sections of the flue to 
conserve heat and reduce condensation. It was obvious that the only 
type of flue construction for this service that would have a long life would 
be a brick flue lined with acidproof brick, but such a flue would have a low 
radiation loss and therefore would not give the necessary cooling of the 
gases. Water sprays could be used, of course, to secure cooling in the 
brick flue, but there was the fear that they could not be controlled to 
prevent moisture in the bags. A pilot operation demonstrated that good 
control of the temperature could be secured by water sprays without any 
difficulty arising from wet bags. Accordingly, the section of the flue 
replaced in 1929 was of acidproof brick construction equipped with water 
sprays for cooling. ‘There has now been sufficient experience with this 
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flue system to indicate that it will have a long life and that water sprays 
can be adjusted to give a cooling system with the necessary flexibility. 

Minor fires in the baghouse section handling blast-furnace gases may 
occur frequently, especially if the content of cadmium in the flue dust is 
allowed to rise too high. Because of the highly reducing condition in the 
blast furnace, these dusts contain both elemental arsenic and elemental 
cadmium, which explains the ease with which this type of flue dust is 
ignited. At times this dust will ignite when it comes into contact with 
the air. These fires are not serious and generally cause little damage. 
Far more serious are the fires that may occur, under certain conditions, in 
the roaster section of the baghouse. Here the sintering machines are the 
offenders. The action on the sintering machine is so rapid that part of 
the sulphur distills over as elemental sulphur, which condenses in the flue 
system instead of combining with oxygen to form sulphur dioxide and 
trioxide, which would pass out without hazard from fire. Sulphides of 
arsenic also distill over and appear to be as bad as the elemental sulphur. 
Elemental sulphur is always present in the flue dust; in fact, it does not 
appear possible to operate a sintering machine on a sulphide charge 
without formation of some elemental sulphur. Fortunately, it is possible 
to greatly reduce the amount of combustible elemental sulphur and 
arsenic sulphides formed in the sintering operation, thereby greatly 
reducing the hazard from sulphur fires. These fires usually start at some 
point in the flue system at such a distance from the sintering machine as 
to eliminate any possibility of the highly heated products of sintering 
causing ignition. ‘The fire, once started, propagates itself along the flue 
and into the bags. Investigation indicates that once ignited a fire will 
extend through flue dust of rather low sulphur content, which would be 
difficult to ignite. However, when there is much elemental sulphur 
formed there will be localized deposits on the inside of the flue of sulphur 
and arsenic sulphides, containing a high percentage of these combustible | 
substances, and which have been found can be readily ignited. These 
act as a primer for igniting the dust of lower combustible content, which 
would not have been ignited by the same cause. The exact cause of 
ignition is not known, but it appears that it is due either to electrical 
charges or spontaneous combustion. Measurements have been made 
which indicate that high voltages can be developed through friction 
between the dust particles. A record of sulphur fires follows. 

The first fire causing considerable damage occurred in March, 1913, 
about one year after the sintering plant was built. In November of the 
same year there was an explosion and fire that required replacement of all 
the bags. Following this fire a study was made of the problem and pre- 
cautions taken to avoid future fires. The next fire did not occur until 
January, 1925, causing the loss of but a few bags. This was followed by 
an explosion and fire in February of the same year. The explosion did not 
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injure the flue system but all the bags, representing a heavy monetary 
loss, were destroyed by fire. Thorough investigation was made and rules 
laid down for operation, which it was thought would prevent future fires. 
Some of this information was developed after the first fires but had been 
overlooked through change in personnel in the intervening time. 


Arsenic and Cadmium 


With the baghouses in operation requiring as they did cooling of the 
gases to a low temperature for preservation of the bags, a closed circuit 
was formed for volatile, condensable elements which without the bag- 
house would have been bled out to considerable extent with the flue gases. 
This resulted in a building up of arsenic and cadmium in the flue dust even 
though at times there were but relatively small percentages of these 
elements present. A plant for producing refined white arsenic was built in 
1909. Despite the very small percentage of cadmium in the charge, 
it would build up in the blast-furnace flue dust to 20 per cent, at which 
point there were frequent fires in the blast-furnace baghouse. This caused 
an investigation to be made to find a process that would permit of profita- 
ble production of cadmium, but it was not until 1915 that R. H. Stevens 
worked out the first electrolytic process for production of cadmium. This 
process in substantially its original form has been in continuous operation 
up to the present time. The ability to bleed out cadmium and arsenic 
without loss of the other metals solved the problem of the circulating load 
of these volatile elements. 

By 1916 all changes and improvements having an effect upon the 
operation of the blast furnaces had been made with the exception of the 
flotation mill, which did not go into operation until 1926. In 1916 five 
blast furnaces were operated and at times six. Considerable oxidized ore 
was being received. This was screened, the plus 3¢-in. product going to 
the beds for direct smelting and the minus 5¢-in. being used as diluent for 
mixing with the calcined concentrates from the Wedge roasters and crude 
sulphide ore crushed to 14 in., which made up the Dwight-Lloyd sinter 
charge. Single sintering then in use reduced the sulphur to 3 to 3.5 per 
cent. The furnace charge consisted of: bed ore 25 per cent, D. & L. 
sinter 42 per cent, limestone 18 per cent and iron ore 3 per cent. The 
analysis of a typical slag was silica 33.5 per cent, ferrous oxide plus man- 
ganese oxide 31.5 per cent, calcium oxide 20 per cent, zinc oxide approxi- 
mately 6 per cent. 

In 1924 the zinc oxide in the slag began to increase and reached 
8.72 per cent in 1925. After the flotation mill was in operation in 1926, 
the slags fell back to 5.5 to 6.5 per cent of zinc oxide. With 5 to 6 per 
cent of zinc oxide in the slag, there had never been any difficulty in oper- 
ating the furnaces, despite the fact that there was not complete oxidation 
of the zinc during roasting and sintering. Percentage of lead on the charge 
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in 1916 was 12 per cent and it remained at about that point until 1926, 
when the beginning of operations by the flotation mill was reflected in a 
substantial increase, which continued upward. 

The matte fall during this period was approximately 6 per cent. It 
was crushed to 14 in. and a portion was passed back into the sinter charge, 
so as to hold the first matte at about 12 per cent copper. This precaution 
was thought necessary at the time in order to secure a high recovery of 
silver when there was only 12 per cent lead on the charge and a matte fall 
of but 6 to 8 per cent. The remainder of the crushed matte was roasted in 
the Wedge furnaces, mixed with siliceous ores and sintered. This sinter 
was smelted in special matte-concentrating campaigns in one of the blast 
furnaces to produce a matte containing about 45 per cent copper and not 
over 15 per cent lead, which was sold on the outside. This operation at 
best was not very satisfactory. In 1923 it became possible to dispose of 
the low-grade matte to copper smelters in the district and the concentra- 
tion of matte in the blast furnace was accordingly abandoned. As time 
went on, the percentage of oxidized ores in the charge decreased. This 
and other changes are shown in Table 3. Average blast-furnace charge, 
blast-furnace performance and analyses of blast-furnace slag for the years 
1916 to 1935, inclusive, are given in Tables 4, 5 and 6. 


TaBLE 3.—Character of Blast-furnace Charge 


Charge, Per Cent 


Year ee 
1916 | 1924 | 1930 | 1931 | 19382 | 1933 | 1934 | 1935 
Bed Ore aes she eee es Pinas Meee 25. | 12.)|410.0) 7.0) §2.5)5°250) 6.01005 
AB Sets bed ihiidssen baka ahyo Ma omen ee 42 | 55 | 62.5) 71.0) 85.0) 93.0) 87.0) 89.0 
IBTIQUEULCS ee. ttcoa beta ent ics ince: 6 7.5) 11.5) 6.5 
By-products returned slag........| 5 7.5" 0. o) = col 
Limestone or sand............... 18 | 14 SLO STS VES WeL. SP ao ee 
Serap Aran sedvaiaccis AMP 1 2 3.5) 4.5] 4.5) 3.5] 4.5) 4.5 
Ironvores vader tecaietian tek 3 2 
100 .0)100 .0/100 .0)100 .0)100 .0)100 .0/100 .0} 100.0 


Roaster baghouse dust, certain fine ores and other fine products were 
briquetted. Percentage of briquettes on the charge usually amounted to 
6 or 7 per cent until 1930 when it increased to 11.5 per cent. The 
briquette press was closed down in 1931 and since that time everything 
formerly briquetted has been incorporated in the charge to the Dwight- 
Lloyd sintering machines. Dross from the bullion kettles was fed back 
to the blast furnaces up to 1929 when a reverberatory drossing furnace 
was built. The disposal of dross by the simple expedient of circulating 
back through the blast furnace had not caused any trouble up to this 


GALEN H. CLEVENGER 55 


time but with increase in copper going with the lead rather than into 
matte there built up a hard dross on the bullion kettles, which was difficult 
to break up and almost impossible to skim. With the dross furnace in 
operation, these difficulties disappeared. There was further increase in 
copper and zinc in the charge due largely to an increased tonnage of ore 
going to the mill somewhat higher in copper and from which the zinc 
could not be as efficiently separated. Difficulties arising from accretions 
in the blast furnace due to increased zinc in the charge in 1930 rendered it 
necessary to eliminate sulphide zine from the charge as far as possible 
through more complete oxidation during sintering. This was possible 


TaBLe 4.—Average Yearly Blast-furnace Charge 


Foul B me eet s laneous Cok 

. ow ve stone or ron crap oke 

Year | BerGeni| Per Gent) ples. | products! dime | Or, | plrams| treated | pls 

Per Cent aterial, 
Per Cent 

1916 | 24.14 | 41.91 0.49 DAV A Vit 3.04 0.80 9.94 | 12.29 
1917 | 25.53 | 38.57 0.06 3.95 | 18.96 3.79 0.08 9.06 | 18.02 
19LSs | 21.77 | 39.56 0.30 4.97 | 19.37 4.33 9.70 | 138.86 
1919 | 19.23 | 41.63 0.3 5:35 | 18.25 4.50 0.06 | 10.67 | 13.42 
1920 | 27.17 | 38.42 0.70 LOO LAS KO 2.23 Wil aed |) atGY Gre 
1921 12.06 | 42.98 0.33 5.49 | 18.50 4.85 1.67 | 14.17 | 12.80 
1922 12.78 | 45.09 (err 6.42 | 17.66 ib es} 3.70 | 11.80 | 12.37 
1923 13.11 | 47.53 0.60 6.34 | 19.39 3.10 1.86 8.07 | 13.59 
1924 | 11.61 | 50.46 4.92 6.23 | 138.60 2.40 2215 8.63 | 12.63 
1925 12.34 | 46.98 6.12 Te205\" 12.70 3.99 1.33 9.74 | 12.35 
1926 | 14.74 | 41.27 6.64 9.41 | 14.26 0.49 2.23 | 10.96 | 12.08 
1927 16.35 | 44.33 2.90 7.46 | 16.54 0.16 2.45 9.81 | 12.96 
1928 | 17.17 | 48.47 1.88 8.16 | 11.19 0.23 5 al 9.78 | 12.97 
1929 15.76 | 50.08 3.45 5.98 | 10.26 (A) flv 2.97 | 11.338 | 18.32 
1930 9.75 | 50.68 7.24 8.20 4.82 0.33 3.48 | 15.50 | 12.42 
1931 6.63 | 52.13.) 13.11 8.22 3.41 0.31 4.84 | 11.35 | 12.09 
1932 2.22 | 60.97 | 15.44 5.44 2.47 0.07 4.55 8.84 | 11.94 
1933 2.17 | 66.05 0.38 |-10.98 ito 3.55 8.60 | 10.35 
1934 6.02 | 83.62 0.31 2.50: 4.67 2.81 | 11.25 
1935 5.36 | 85.95 0.79 1.10 1.03 0.01 4.53 ee sal OnLS 
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with double sintering. In 1931 matte fall was cut in two by adding 
crushed limestone to the second-over sinter charge. Difficulty, however, 
arose from breaking up of the sinter by slacking of the lime it contained. 
The objective in sulphur elimination was not reached until 1932 when 
lime sand, a natural product from the shores of Salt Lake, which had been 
previously substituted for the crushed limestone to overcome the difficulty 
from slacking of lime formed in the sinter, was added to the first sinter. 
Sinter produced in this way contains less than 2 per cent of sulphur. 
With this sinter matte fall in the blast furnace was completely eliminated 
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and only a small speiss fall remained. At the time this change took place 
there was a remarkable decrease of silver in the slag, which was 
already low. 


TaBLE 5.—Average Yearly Blast-furnace Performance 


Aver-. | Aver a ‘ Matte | High gore 
age 3 : 

Niee,_| ‘Toms | putea rasd'on| per fon) Matte | Spsiss | Plus | grade | Nags 

Year ber of Sineltod Pro- | Charge,) New Par Par ait Made, |'2 Dross 
Pur- per Fur- duced Per Lead, | Gent | Cent er er Fur- 
naces in|" jiace [Per Fur-| Cent Tons Gent Cent nace, 
Blast Day nave is 

ay 

1916 5.36 | 232.5| 26.1 | 12.16) 4.91 | 6.51 1.22 

1917 5.92 | 230.6] 23.5 | 11.21) 5.70 | 7.18 | 0.24 1.03 

1918 5.35 | 226.6] 23.0 | 11.16) 5.61 | 7.84 | 0.48 0.78 

1919 3.98 | 226.9) 22.4 | 10.50) 6.03 | 8.78 | 0.31 0.86 

1920 3.98 | 216.1] 22.6 | 10.84) 5.66 | 8.62 | 0.66 0.62 

1921 3.92 | 218.5} 19.3 8.98) 6.63 {10.93 | 1.03 0.82 

1922 3.84 | 235.3) 22.9 | 10.35) 5.99 | 8.68 | 2.40 1653 

1923 5.40 (217 .1) 21:3 | 10.62) 5:76] 6.54 )°1.52 

1924 4.68 | 220.0) 23.6 | 11.59) 4.87 | 6.44 | 0.86 

1925 5.22 | 236.4) 26.4 | 12.14) 4.59 | 6.51 | 1.34 

1926 4.92 | 231.0) 27.6 | 12.56) 4.37 | 6.34 | 1.53 

1927 3.93 | 232.2) 33.6 | 15.28) 3.44 | 5.25 | 2.45 

1928 2.15 | 260.9} 49.3 | 20.07) 2.50 | 7.26 | 2.13 

1929 2.05 | 266.4) 53.6 | 20.73) 2.42 6.03 0.40 

1930 1.73 | 242.2) 59.3 | 24.96] 1.81 1.25 1.07 

1931 1.16 | 277.3) 81.5 | 29.72) 1.138 5.01 1.04 

1932 0.85 | 329.8)111.2 | 33.47) 0.99 2.25 1201 

1933 0.60 | 485.9)155.2 | 35.15) 1.07 1.55 0.49 

19384 0.71 | 400.0/152.5 | 29.35] 1.55 2.70 1.98 

1935 0.64 | 472.1)153.6 | 33.38) 1.34 2.62 2.33 

Résumé 


The Midvale plant has for 30 years treated complex lead ores contain- 
ing zinc, a large percentage of which were and now are custom ores of 
variable composition. 

Milling has always been an important adjunct to smelting. This 
has kept a part of the zinc and gangue out of the furnaces that otherwise 
would have gone there. Recovery of at least part of the zinc in a marketa- 
ble product began in 1909 with installation of Huff electrostatic separators, 
which continued in operation until 1926, when there was increased 
recovery of zinc by the flotation process that had superseded the Huff 
process. For a number of years this was the one example of important 
and sustained commercial recovery of zinc from complex lead ores. 
Roasting in hand-rabbled reverberatory furnaces was early supplemented 
by pot roasting and these gave way in due course to multiple-hearth 
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roasters and Dwight-Lloyd sintering machines. Hand charging of the 
blast furnace was displaced by a satisfactory method of mechanical 
charging, which saved a great deal of labor. Operation of the baghouse 
was rendered practicable by development of a process for neutralizing the 
corrosive sulphur trioxide contained in the gases. Difficulties arising 
through building up in the flue dust of condensable volatile impurities 
were overcome by building a plant for producing white arsenic and devel- 
opment of an electrolytic process for recovering cadmium. The use of 
the baghouse was eventually extended to all the gases produced by the 
plant. Baghouse fires and their causes are discussed. 


Tape 6.—Average Yearly Slag Analyses 


A aie 
xide 
Ag, | Cop-| Wet | a:;.,..| Alum Col") Mag- Sul- 
enn Au, Oz. Oe me Lead, Buea: in . Oxide One tes ae cae 
per Ton] per Per Per Cent Per | ganese Per’ see Per Per Per 
on | Cent | Cent Cent pede: Gent Gent Cent | Cent | Cent 
Cent 
1916 |0.00055 | 0.510] 0.16 | 1.13 33.01] 3.30 | 33.24 | 18.90 1.77, | 0.38 GLAS end 
1917 |0.00058 | 0.470) 0.14 | 1.21 33.50| 3.36 | 32.24 | 20.35 2291 0.08 5.42 | 1.00 
1918 |0.0072 0.350) 0.15 | 1.24 | 33.09} 3.47 32.09 | 20.59 OPOA On IT 5.64 | 1.12 
1919 |0.00104 | 0.520) 0.16 0.93 | 32.83] 3.18 | 33.75 | 19.14 DID NO. 2k 6.19 | 1.26 
192010.00101 | 0.490] 0.18 | 0.90 32.72| 3.30 | 33.21 | 18.67 DOV OLLe 6.54 | 1.15 
192110.00097 | 0.625] 0.17 | 0.92 33.6 | 3.15 | 34.94 | 20.4 1.81 | 0.16 5.30 | 1.07 
1922 |0.00073 | 0.519) 0.16 0.90 | 33.3 | 2.70 | 33.92 | 19.5 1.99 | 0.14 6.03 | 1.08 
1923 |0.00059 | 0.569} 0.15 0.92 | 32.9 | 3.03 | 34.03 | 19.9 2.08 | 0.13 5.57 | 0.98 
1924 |0.00057 | 0.538} 0.16 0.94 | 30.1 | 3.10 | 37.89 16.1 Aly |) OG 8.48 | 1.15 
1925 |0.00051 | 0.488] 0.15 0.88 | 30.4 | 2.66 | 38.20 | 15.9 1.83 | 0.10 8.72 1) 2.0% 
1926 |0.00053 | 0.38 | 0.14 0.85 | 32.2 | 2.88 | 35.03 | 18.9 1.79 | 0.085 | 6.89 | 1.025 
1927 0.00044 | 0.339] 0.14 0.89 | 33.0 | 2.74 | 33.51 20.7 1.82 | 0.06 5.60 | 1.30 
19280.00035 | 0.32 | 0.16 0.90 | 30.7 | 2.75 | 38.72 15.9 2.35 | 0.02 6.80 | 1.32 
1929 |0.00033 | 0.25 | 0.16 0.94 | 29.4 | 2.76 | 39.10 16.8 2.41 | 0.02 6.48 | 1.60 
1930 |0.00031 | 0.21 | 0.20 1,05 | 27.4 | 3.12 | -39.41 14.0 2.67 | 0.045 }10.1 1.725 
1931 |0.000365| 0.22 | 0.21 1.04 | 26.7 | 2.96 | 40.29 13.3 163) 0.21 5 (12.0 2e0 
1932 |0.00033 | 0.115} 0.14 1.08 | 26.5 | 3.17 | 40.30 14.3 1.39 | 0.20 |10.8 1.9 
1933/0.00043 | 0.054) 0.11 1.00 | 24.9 | 3.71 | 39.72 15.0 HP | OLS: s|tzud 1.46 
1934 |0.00079 | 0.059} 0.14 1.02 | 27.63] 3.61 | 36.78 18.37 1.28 | 0.14 9.23 | 1.40 
1935 |0.00079 | 0.058} 0.16 0.95 | 25.51| 3.73 | 37.70 17.43 1.37 | 0.13 |10.93 | 1.68 


The smelting process of 1906 was a two-step operation. Low-grade 
matte made in the blast furnaces was roasted and smelted in a reverbera- 
tory furnace (called a regulus furnace) to give a high-grade copper matte. 
The reverberatory was superseded by the blast furnace for concentrating 
the low-grade matte. This was still a two-step operation but became a 
single-step operation in 1923 when it became possible to dispose of the 
low-grade matte without concentration, to copper plants in the district. 
Up to 1929 kettle dross was fed back to the blast furnace but with increas- 
ing sulphur elimination in sintering and consequent decrease in matte fall 
it was no longer possible to dispose of kettle dross by feeding back to the 
blast furnace. There was therefore return to a two-step operation, again 
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involving the use of a reverberatory furnace (but now called a drossing 
furnace). Increase in zinc because more refractory ore was going to the 
mill caused formation of accretions in the blast furnace. This was 
corrected by further elimination of sulphur during sintering, causing zinc 
more completely oxidized to pass into the slag. Matte formation in the 
blast furnace ceased entirely and speiss formation was reduced. As a 
consequence most of the copper was forced to go with the lead, thereby 
further increasing the amount of kettle dross. There was no great change 
in the percentage of lead on the charge until the flotation mill went 
into operation, when there was a large increase. Previous increase 
in milling facilities had about kept pace with the tendency of the lead 
content in crude ores coming to the plant to decrease. During periods 
when scrap iron was high in price little was used but at the normal price 
it is found advantageous to use up to about 4.5 per cent. 

Briefly, present practice is to mill all low-grade sulphide ores and ores 
containing zinc, removing as much zinc and gangue as possible and reduc- 
ing sulphide iron content to the fluxing requirement. So far as practicable 
all components of the charge are incorporated in the sinter and sulphur 
is reduced by double sintering to 2 per cent or less, in order that zine 
will be oxidized and slag freely. A comparatively large percentage of 
kettle dross is smelted in a reverberatory furnace with sulphides to give a 
high-grade matte and base bullion which is combined with that separated 
from the dross in the kettle. 
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Lead Blast-furnace Practice at Trail, B. C. 
By G. E. Murray,* Memeper A.I.M.E. 


Leap blast-furnace work at Trail is unique in that this is the only plant 
in the world where blast-furnace smelting on a large scale for both lead 
and zinc recovery is carried on under one management. On this account 
the factors that determine economic practice differ from those of other 
lead smelters. In addition to this different metallurgical outlook, a 
ereat deal of structural investigation has been carried on, which has 
resulted in the development of a furnace which should prove of interest to 
all who are faced with similar problems. This description may be con- 
veniently divided into various heads as follows: (1) General—make-up of 
charge, etc.; (2) structural—(a) hoods and charging methods, (0) shaft 
construction, (c) crucible construction; (3) handling slag; (4) handling 
bullion; (5) metallurgy. 


THE CHARGE 


The Trail plant is an old one, on a congested site. As with most old 
plants, this limits the method of charge preparation. In general, lead 
metallurgists will agree that sinter when it reaches the blast furnace should 
contain as small an amount as possible of actual fines. There would 
be some difference of opinion as to the maximum size as well as of the 
minimum required, but to obtain the optimum condition some form of 
screening is indicated. This screening should take place immediately 
before the blast furnace if possible, and because sinter deteriorates in 
storage there should be as little as possible. There should also be the 
minimum amount of handling between the sinter machines and 
the furnaces. 

Unfortunately, at Trail the sinter must be handled considerably before 
it is charged to the furnace, and no feasible scheme of screening has yet 
been devised. Trail practice, then, demands that the sinter be a strong 
one physically. Dependent upon the amount of lead in it, it has been 
found advantageous to incorporate granulated slag into the final sinter, 
the amount varying inversely as the lead content. The addition of 
this slag makes a harder sinter, which arrives at the blast furnace in a bet- 
ter condition, but it entails some lack of efficiency, because desulphuriza- 
tion is not so rapid nor so complete. j 


Manuscript received at the office of the Institute July 13, 1936. 
* Chief Metallurgist, Consolidated Mining and Smelting Company of Canada, 


Ltd., Trail, B. C. 
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The blast-furnace charge is made up from a number of bins provided 
with pan conveyors or belts, which deliver into center-dump hoppers 
supported on weigh beams. Each ingredient of the charge is weighed 
from a bin into three hoppers. The charge train, consisting of six 48-cu. 
ft. V-bottom cars attached to an electric locomotive, is spotted under the 
proper hoppers and the charge is made up as required. A typical charge 
consists of: 
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Fia. 1—VaRI0US METHODS OF CHARGING AND OF HANDLING GAS AT TRAIL SMELTER. 


It has been noticed that the pan conveyors used on the sinter act as 
effective crushers. If possible, therefore, if a bin system is required, it 


would be better not to use a conveyor oar to feed directly into the weigh- 
ing hopper. 


Hoops, FLUES AND CHARGING Merruops 


The problem of feeding a lead furnace has been studied for many years 
at many plants. At Trail many types of hoods and feeders have been 
used. An incomplete list of the most important of those tested includes 
the following, which are illustrated diagrammatically in Fig. 1: 

a. Hand feeding with furnace hoods above the floor. 

b. Center-dump feed cars running into furnace hood above the feed 

floor. Feed distributed by various types of spreaders. 

c. Feed cars running over center of furnace. Gas offtake under feed 

floor at both sides of furnace. Spreaders used. 
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d. Charge car, filled by other cars, hoisted to center line of furnace, 
feed dumped on spreader, gas offtake at one end of furnace below 
feed floor. 

e. V-bottom cars dumped on to inclined feed plates outside furnace 
hood. Hood above feed floor with (1) horizontal gas offtake at one 
end of hood (2) with inclined gas offtake at center of top. 

f. As ine, above, with baffle plates inside furnace to mix and distribute 
the charge. 

After years of experimentation, system e-2 is now used with a modifica- 
tion in the manner of filling the V-car with charge, which will be men- 
tioned later. 

The reasons for the adoption of this system of feeding and this hood 
(see sketch of No. 10 furnace, Fig. 2) are mainly two: (1) the ease with 
which the whole top of the furnace is accessible for top barring and for 
working while the furnace is running; (2) other things being equal, the 
furnace gases can be handled with less draft and consequently less 
leakage. For instance, with the furnace blowing badly the feed 
floor is clear of smoke with a draft of 0.02 in. in the main flue behind 
the furnaces. 

The furnace hood has vertical sides, a sloping top, and a 9-ft. diameter 
outlet at the center of the top. The frame is of structural steel with 9-in. 
brick curtain walls supported by water-cooled girder beams protected by 
cast-iron plates, as experience has shown that in time water-cooled beams 
corrode in the furnace gases without protection. The sloping top of the 
hood is of corrugated iron, to allow for expansion. 

Water-cooled doors suspended and operated by individual air-lift 
cylinders give access to the furnace top where necessary. Each door has 
flexible water connections and, together with the water-cooled portions 
of the hood, is connected to a Nesmith vaporizer on the main hood frame. 

The offtake flue is of the gooseneck type and is practically self-clean- 
ing, though openings are provided for lancing with air to clear any accumu- 
lated dust or accretions at the saddle. 

On practical grounds, where hot gases have to be handled, particularly 
when a furnace happens to blow, any system that has a gas outlet below 
the feed floor at one end of the furnace is not a good one, and the longer 
the furnace, the worse it is. Furnaces with gas outlets below the floor 
but at the sides of the furnace are better, but are still open to objections. 
Unless the furnace is very high the outlets tend to fill up with charge 
and more draft is required to keep the feed floor clean than in the type of 
hood favored at Trail. 

This leaves the thimble top as the main competitor for the best prac- 
tical hood, at present, with the thimble extending above the feed floor 
and having its connection to the main flue at least above the level of a 
man’shead. A recent study of two plants using thimble tops showed that 
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one of the main benefits claimed for the thimble—the cutting down of 
leakage—failed to function. In both plants the thimble was uncovered a 
large part of the time, and certainly when hot tops and blowing occur 
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there is much more smoke on the feed floor than with a hood like that 
shown here. Many friendly arguments have taken place centering around 
the question “Why the thimble?” but no arguments have yet been 
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advanced that would lead at Trail to a change in the design shown. It 
has all the advantages of the thimble as far as charge distribution is 
concerned (it is generally agreed that the spreader or center-charge system 
is not good) with the added advantage that the height of column can be 
varied with no increase in the amount of leakage. In barring (which, 
unfortunately, is necessary in all furnaces), a man standing vertically over 
his work can do more than one working at an angle, and access to the whole 
furnace is given by the large door in the rear. It is possible that given a 
furnace that did not hang, crust up, or blow at times, the thimble might be 
preferable. But no furnace has yet been developed that will always 
operate perfectly running with a 50 per cent lead sinter and 18 per cent 
zinc in the slag. 

Messrs. Oldright and Miller, in cooperation with the staff at Trail, 
investigated various modifications of method e-2. The results are 
reported by the U. S. Bureau of Mines in Report of Investigations No. 3246. 
It was determined that one of the disadvantages of the method of charging 
at Trail was the tendency for the charge to segregate, owing to the differ- 
ence between the specific gravity of coke and sinter. The investigations 
show the steps that were taken to overcome this difficulty. The most 
important was the splitting of the charge in each car into two parts, each 
with half the coke, and the placing one-half of the charge in the bottom 
of the car instead of all the coke (Fig. 3). In 
this way the heavier charge falling on the 
plate after the lighter coke carries it farther 
into the furnace and thus a good mixture is 
obtained. ‘The second step taken was to use 
a curtain against which the charge would 
hit and fall vertically into the furnace. In 
this manner, at any height there would be the 
same distribution of charge. Results have 
proved, however, that it is much better to 
run with the furnace full most of the time than with a low column, and 
other means that will be disclosed later have given the results that it was 
hoped to obtain by running with a low column and _ without 
its disadvantages. 

One feature of Trail practice not encountered in many smelters is the 
charging of wet residue from the zinc oxide leaching plant and the filtered 
discharge of the Cottrell humidifying flues directly to the lead furnaces. 
On account of the manner in which the V-bottom charge cars are filled, 
this material, containing more than 30 per cent moisture, is charged 
from only one side of the furnaces. In this way it does not tend to 
stick to the charge plates as much and gets more into the center of the 
furnace, where it has a better chance of becoming mixed with the charge. 
Naturally, it works better with good hard sinter than with a lot of fines. 


Fic. 3.—SpLiT CHARGE SYSTEM 
OF FILLING CARS AT TRAIL. 
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In R.I. 3246, U. 8. Bureau of Mines, some tests show that this material 
slowed up the furnaces. This has not been borne out over a number of 
years. No difference can be found with or without it, up to about 10 per 
cent of the total charge. 


SHAFT CONSTRUCTION 


For many years, and particularly during the time that Messrs. Old- 
right and Miller worked at Trail, much discussion took place about the 
reasons for the vagaries in smelting rates that will occur when a battery 
of furnaces is running on the same charge. It was established that the 
smelting rate, other things being equal, was more dependent on the length 
of effective tuyere zone than on the area. It was also established, as 
was to be expected, that a high column of charge acted as an effective 
dust filter. Working with charges high in zinc, however, and particularly 
with sinter high in lead, with a consequent low slag fall, a considerable 
amount of zine is reduced, which with the characteristics of the sinter 
interferes with the even descent of the charge. Some of this zinc recom- 
bines with sulphur and deposits as accretions or on the descending charge. 
This is shown at Trail very clearly, as this secondary zine sulphide is 
quite different from that of the characteristic marmatite of the Sullivan ore. 

It was thus concluded that the critical zone in a lead furnace shaft was 
at some point above the tuyeres where the sinter passed through a pasty 
state. At this zone, then, much of the fume made lower down in the 
furnace would tend to deposit, making matters worse and tending to more 
irregularities. Anything that could be done to weaken the tendency to 
arch at this zone should give better and more regular running. Two 
obvious ways of breaking down this tendency to bridge were thought of. 
First, by increasing the width of the furnace the arch would become 
weaker; second, the more weight on the bridge, the less it would tend to 
become permanent. In other words, a wide furnace with a high column > 
should be an advantage. To test this theory a furnace was rebuilt. 
Limitations due to building dimensions already in place confined the width 
that could be used, but the furnace was made 270 in. long and 63 in. wide 
at the tuyeres and, perhaps more important, 5 ft. 8 in. above the tuyeres 
the width was increased to 84 in. as against 69 in. in other furnaces. 

When this furnace was started it ran excellently, giving a smelting 
rate of approximately 30 per cent more than a similar but narrower fur- 
nace. Unfortunately, another innovation had been incorporated in the 
furnace design at the same time. At Trail, running with dirty slags, ice., 
about 3.5 per cent lead in the slag, it had been determined that the main 
difficulty in getting more air into the furnace was the size of opening that 
could be punched in the tuyere. Obviously there was no sense in having 
a 4-in. opening through the furnace jacket if just inside the jacket this 
became reduced to lin. More openings seemed to be the answer and as a 
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slot that would give the greatest possible tuyere opening was considered 
impracticable the next best thing was done; viz., to put in as many small 
tuyeres as possible. There were then installed thirty-six 2)4-in. tuyeres 
per side instead of eighteen 4-in. ones. The question then became how 
much of the increased speed was due to the small tuyeres and how much 
to the wider furnace. 

To settle this point, a furnace of similar length was taken and fitted 
with small tuyeres, and very little increase in tonnage was obtained. To 
prove this point the same thing was done with two furnaces 180 in. long, 
and again the same result was obtained. The wider furnace gave much 
better speed and much smoother running. These results show that for a 
charge high in lead and zinc the furnaces of the past have been too narrow 
for the best work. What the optimum width would be is still a point to be 
determined. The fusibility of the charge would have some effect on the 
proper dimensions, no doubt. The less fusible the charge, the less would 
be the tendency to bridge, one would expect. Both at Trail, where at one 
time a flux containing CaF, was used, and at other places, notably Mt. Isa, 
where fusible sinters containing carbonates were made, the tendency to 
bridge and hang was accentuated. Other furnaces as narrow as 36 in. 
wide seem to work excellently on low lead charges, but tend to have trouble 
with increasing lead in the sinter. Knowing this, there seems to be no 
reason for constructing lead furnaces for fusible sinters with a bosh, or a 
slope that tends to help the formation of bridges. Vertical sides should 
be preferable, and apart from structural difficulties many arguments 
could be advanced for building them wider at the base than at the top. 
For one thing, this would increase the reservoir of coke and concentrated 
reducing gases, which Oldright and Miller have shown to be present at 
the tuyere zone in the middle portion of a lead furnace running well. 


EFFECT OF SMALL TUYERES 


Furnaces that run with tuyeres always bright and open may not need 
the smaller tuyere to get more air into the furnace, but the results noted 
below would indicate that there is a better distribution of air with the 
smaller tuyere on a furnace running with a charge such as that at Trail. 
In order to prove this, experiments were run going back to the old methods 
of charging on the narrower furnaces with the furnace run down 6 ft. and 
all the coke placed in the bottom of the charge cars. This had given 
results as shown by Oldright and Miller as in Table 1. The method is 
described in detail in R.J. 3244. These tests show that the introduction of 
the small tuyere resulted in a much better distribution and utilization of 
the air entering the furnace independently of the method of charging. 

The results of these major changes in furnace construction, it is 
believed, have shown that there is still something to be gained in experi- 
menting on the fundamentals of blast-furnace work. It is hoped that 
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some one, some time, in constructing a new furnace, will endeavor to 
settle the optimum dimensions for other conditions. 


Tasty 1.—Effect of Small Tuyeres on Top Gases 
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coke on top 


At Trail, above the first tier of steel jackets, there have been used: 
concrete shafts lined with fire brick, all-brick shafts, and all-water-jacketed 
shafts. Though there used to be a prejudice against the last, owing to 
excessive crust formation, it is now felt that this was due to the shape 
of the jackets in the lower tier. The best form of construction is now 
considered to be the water-jacketed shaft in conjunction with a Nesmith 
vaporizing system, the circulation in the two tiers of ja¢kets being joined 
together, the water feeding to the lower jacket and the connection to the 
vaporizer being made from the top of the top jacket. It is known that 
the ordinary lead furnace with brick shaft operated with good reduction 
does not give the trouble that is experienced at Trail where, owing to the 
method of operation, the combustion zone tends to creep up the shaft. 
For large furnaces, however, there are many structural advantages in 


using water jackets. There are also operating advantages with no | 


detrimental effects that can be determined. Using the vaporizer system 
even where water is scarce, the extra jacket area for the top tier requires 
very little, if any, additional water and has much to recommend it; all 
the jackets are approximately at the same temperature and the furnace- 
man is left to give his undivided attention to the operation of the furnace 
as a smelting device. 

Nowhere now is there the crucible or slag trouble on a lead furnace that 
used to be a commonplace some years ago but there are still times when it 
is convenient to have a larger tap-hole either to facilitate starting up after 
a shutdown or to help out a temporarily bad slag. The tapping jacket 
developed at Trail, with a removable cast-iron plug, has been a great 
convenience. It is quickly and easily removed and replaced. It facili- 
tates barring of crucible crust from the front, as it allows a bar to take an 
angle more nearly vertical (Fig. 4). 


——_ 
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CRUCIBLE CONSTRUCTION 


Experience had shown that it was necessary to have a reservoir for 
bullion only in the crucible at the front of the furnace. For some years 
the practice had been to fill the back part of the crucible shell and to leave 
a reservoir as shown in Fig. 2. The crucible has been constructed as 
described below in detail. For practical purposes, it is now a block of 
concrete, and so the usual crucible shell with its heavy reinforcing and 
staying is unnecessary. The shell now is practically a form. 

The crucible is elliptical in shape. The shell is of 34-in. flange quality 
steel plate with riveted butt straps and 34 by 6-in. reinforcing mild steel 
bar at the top. It is set in a 14-in. welded steel pan over a 9-in. brick fill 
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in the foundation. Around the inner periphery, vertical 60-lb. steel rails 
are spaced to take the thrust from the jackets. Two rails extending the 
full depth of the shell are used for each jacket. 

The main body of the crucible is filled with coke-breeze concrete made 
of 1 part cement, 2 of sand and 3 of coke screened through a 1-in. ring. 
Above this there are 3 in. of Sil-O-Cel C; concrete, then the refractory lin- 
ing is formed to the required shape. This is made of 12 in. of lumnite 
concrete made of 1 part of lumnite cement to 4 parts of crushed brick. 


HANDLING SLAG 


Before the introduction of slag fuming at Trail, the slag was granulated 
and stored awaiting the development of a process for the recovery of its 
zinc and lead. When slag treatment started it flowed into 9-ton transfer 
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pots, which, when filled, stood around till the blow on the previous 
batch was finished. This resulted in a large amount of slag shell being 
formed, which had to be resmelted or treated cold in the slag-fuming 
furnace. As treating coarse, cold slag cuts the capacity of this furnace 
greatly, it was decided, after many failures to reduce the amount of shell 
made, to tap into reverberatory furnaces fired with powdered coal, where 
the slag could be held molten until required. These furnaces are described 
in the paper by R. R. McNaughton (p. 721, this volume). 

One interesting feature of the operation of these furnaces from the 
point of view of the lead metallurgist is the fact that even in a coal-fired 
chamber there is a settling out of a material that will gradually fill up the 
furnace asa mush. An examination of this showed it to be largely com- 
posed of spinels. Calculations show that there is a concentration of 
spinels in this mush of about four times that in the slag. 

At times, particularly when the silica in the slag is allowed to get too 
low, the holding furnaces tend to fill up rapidly. The procedure adopted 
to overcome this is to tap the furnace dry and to burn an excess of coal to 
give a reducing atmosphere, and to blow sand on to the surface of the 
mush. This makes it fluid enough to take out of the furnace. Ordinarily 
this procedure is followed every time a charge is made up for the slag- 
fuming furnace, or about every 214 hours. 


HANDLING BULLION 


Bullion that flows continually from the lead wells is first caught in a 
receiver and then laundered to the furnace craneway to cast-steel pots 
containing about five tons each. The pot is then transferred to the 
drossing plant. 

At the drossing plant the bullion is poured through the roof of either 
of two drossing furnaces fired with powdered coal. These furnaces have a 
capacity of 100 tons each and each uses 2.2 tons of powdered coal per day. 
When a furnace is full the dross bath is at a temperature of 1300° F. and 
the bullion at 1000° F. The dross is skimmed from doors along the side 
into pots that have holes in the bottom, which allow most of any bullion 
skimmed to flow through the pot and collect into a bed under it. The 
bullion that collects here when solid is remelted in the pots. In this 
manner a good dry dross is obtained. This dross is re-treated in the blast 
furnaces until it is sufficiently high in copper to warrant treatment in the 
dross re-treatment furnace. Ordinarily it is returned to the blast fur- 
naces for two days and stored on the third day. 

The bullion from the drossing furnaces flows into a series of three pots 
holding 60 tons each and finally is pumped to the casting pot of 100 tons 
capacity, where the final cooling takes place, if necessary by the addition 
of cold lead, to a temperature of 650° to 700° F. 

The device used at present to insure uniformity of anode weights 
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consists of a 12-in. section of 10-in. steel pipe open at the top and coned 
down to receive an open plug cock. Bullion is pumped into this device to 
a level fixed by a gauge point and the operator swings a lever turning the 
plug cock and emptying the contents of the measure into the mold through 
a perforated baffle plate, thus reducing the tendency to form fringes along 
the sides of the mold. The weight variations between anodes can be held 
within 2 per cent when casting 400-lb. anodes. 

The casting wheel is 18 ft. in diameter, motor-driven by worm gear 
and friction clutch to make one revolution in just under 5min. ‘There are 
16 cast-steel, two-piece molds hinged to break at the junction between the 
lugs and the body of the anode. As the wheel revolves the anodes pass 
under a water spray and are then flattened by means of an automatic air 
hammer. At this point a guide rail engages with the lug section of the 
mold and lowers it sufficiently to allow the anode to be lifted out and 
loaded into cars for transfer to the refinery. At present, 200 anodes per 
hour can be cast. 

Naturally, in cooling the pots described above, more dross is made. 
This is skimmed off with perforated iron shovels, loaded into pots and 
charged back into one of the furnaces, for sweating. In this manner no 
particular care need be taken about letting the bullion picked up with the 
dross drain off. The only dross that has to be re-treated is that dry dross 
skimmed from the drossing furnaces. 

It is believed that the reverberatory method of drossing has many 
advantages. It is theoretically the right way, for in ordinary drossing 
from iron kettles, the lead is hot and the dross is colder. This is the 
reverse of what it should be. The dross that has risen to the top should 
be hotter than the main bulk of lead, in order to sweat as much lead from 
this dross as possible. Using the furnace method, the dross going to the 
dross re-treatment furnace ultimately is hotter and hence easier to treat, it 
contains less metallic lead to be subjected to the high oxidizing tempera- 
tures found in the re-treatment furnace and the heat required for the dross- 
ing operation is applied in a more efficient manner. 

The furnace used for re-treating the dross skimmed from the drossing 
furnaces as related above is operated only intermittently, usually about 
every 6months. Dross is stored and when it is decided to start a re-treat- 
ment campaign it is fed back to the blast furnaces at a rate sufficient to 
run the re-treating furnace to capacity. This is approximately 50 tons of 
hot dross per day. If cold dross is used the rate is only 30 tons per day. 

The furnace used for this operation is much smaller than that found at 
most lead smelters, the hearth area being only 7 by 138 ft. Itis fired with 
powdered coal and a locally designed turbulent burner is used. From 
6 to 7 tons of powdered coal is burned per day and the matte or speiss 
produced contains about 22 per cent Pb and 56 per cent Cu. 

The slag made in this furnace contains most of the tin in the lead 
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circuit and when it was being re-treated the refinery ultimately got into 
trouble from the cycling load. At present this slag is being stored for 
future treatment. It contains on the average the metals noted below. 
The bullion analysis from this furnace is also given: 


Ag Cu Pb Zn Ss SiOe Fe CaO Sb Sn As Bi 


7 37.6 4.3.0.3 11.1 10.2.2.0 4.05 2.8) (2 eee 
7 0.58 0.25 0.52 0.039 


METALLURGY 


As mentioned, Trail metallurgy differs from that of other lead smelters. 
In reality it is a zine as well as a lead smelter. 

On account of the slag-fuming operation, the most economical charge 
for both lead and zine recovery must be used, not that for lead alone. 
This means that the slag made must carry as much zinc as possible. The 
products of the Sullivan mine, which constitute the main portion of the 
charge, contain very little silica or lime. The lead concentrates and zinc- 
plant residue, which make up from 75 to 80 per cent of the charge, have 
the following analyses at present: 


Pb Zn Ss SiO2 Fe CaO 
Concentrates:..2c eens. ee tOeO 3.9 17.4 0.83 6.3 0.8 
ZINCLVESICUC. ty c-cusiee eee 10.1 21.4 4.7 oe 32.0 0.5 


It follows that the slag aimed at should contain as little silica and lime 
as possible. Experience has shown that it is not safe to run with a slag 
containing less than 18 per cent SiOe. It has also been determined 
empirically that from 7 to 8 per cent lime is satisfactory. This leaves 
zine and iron as the remaining important slag-forming ingredients, and 
their ratio is determined by the analysis of the Sullivan products. For 
many years the slag made contained from 17.5 to 18 per cent zinc and 
about 30 per cent Fe. At this time the zinc to iron ratio in the lead con- 
centrates was not more than 1:1 to 1:1.8, and frequently barren iron in 
the form of sulphide tailings had to be used as a flux. A change in milling 
practice, however, has successfully dropped the zine, so that at times the 
zinc to iron ratio becomes 1 to 2. Under these conditions, of course, the 
zinc tenor of the slag-is lowered. This increases the cost of the slag 
dezincing, as within limits the slag furnace burns the same amount of fuel 
per minute regardless of the zinc content of the slags. The surplus of iron 
given by the above figures would be welcomed at many plants where more 
margin-bearing siliceous ores might be smelted. This, however, cannot be 
done at Trail, as it would only serve to dilute the zinc even more. With 
the increased price of gold there has also been an increase in the receipts 
of irony concentrates, which has also tended to lower the zinc in the slag. 

There is not much difficulty in controlling the lime. The iron and 
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zinc happen, as it were, but the silica is not easy to control. The supply 
consists of many shipments varying in silica content from 35 to 90 per 
cent. With asmall slag fall this makes work difficult, and with the trouble 
that follows when silica becomes too low the tendency of the furnace 
operator is to keep more silica on than absolutely necessary for good 
furnace conditions. The aim is to keep the slag around 19 per cent SiOx. 
If it falls below 18 per cent, siliceous ores crushed to 34 in. are added 
directly to the furnaces. When the analysis is below 19 per cent SiOs, 
there is a greater tendency for metallic lead to occur in the slag. One 
of the surprising things about the Trail operations is the amount of 
metallic lead in the slag. Work done by Oldright and Miller (U. 8. 
Bureau of Mines, R.J. 3264) shows that at times from two-thirds to three- 
fourths of the total lead in the slag is in the form of metallic lead. In 
smelter slags studied from other plants, more lead is present as sulphide. 

At this point it might be well to clarify the situation in regard to the 
amount of lead in Trail slags. It is wrong to assume, as has been done, 
that the Trail practice likes to have so-called ‘‘dirty” slags. It would be 
worth something to be able to obtain the advantages of poor reduction 
with the Trail charge and at the same time run with slags containing 
around 1 per cent or less in lead. Before the introduction of the slag 
treatment, Trail practice carried the lead in the slag from 1.8 to 2.0 Pb 
with 17 to 18 per cent zinc. Thisis very similar to the practice developed 
at Port Pirie, South Australia. It was found that more intensive reduc- 
tion tended to give irregular running and general furnace difficulties. 
With the slag treatment, the lead in the blast-furnace slag is about 3.5 per 
cent. This means that there is a circulating load of about 10 tons of 
material per day, which has to be resmelted. As the final lead loss in the 
slag from the fuming plant is negligible, it is much cheaper to handle 
this circulating load than to obtain cleaner slags in the blast furnaces. 
The furnaces run faster and with less trouble so that until a means is 
found to obtain these advantages and cleaner slags at practically no 
additional cost, the practice of running a high lead in the slag is likely to 
continue, although at first glance it seems uneconomical. 

The analysis of the current Trail slag is, on the average, as under: 
Ag, 0.10 oz. per ton; Cu, 0.15 per cent; Pb, 3.5; 8, 1.5; Zn, 16.5; SiOz, 
19.0; Fe, 30.5; CaO, 7.5; Al2Os, 5.0; MgO, 1.5; Mn, 0.6. 

It has been noted, in the work at Port Pirie reported by O. H. Wood- 
ward in the Bulletin of the Institute of Mining and Metallurgy (June, 
1931), that a longer tapping period reduced the lead content of the slags 
there. Unfortunately, repeated attempts to obtain similar results at 
Trail have failed although the tuyeres on the furnaces have been raised. 

The coke used is all of beehive-oven manufacture. Several grades 
of coke have been used of varying porosities and ash contents, from 10 to 
20 per unit. On the whole, very little if any difference bas been noticed 
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in lengthy tests. ‘There have been times when the average size of the coke 
has been fairly large. Then it is an advantage to screen through a 6-in. 
screen and crush the oversize in a special type of coke crusher developed 
at Kellogg, Idaho. At times, too, a 34-in. screen has been used to elimi- 
nate some of the fines, but no definite effects on blast-furnace operation or 
coke consumption have been noted. 


TaBLe 2.—Analyses of Cokes Used at Trail 


Coke Fixed Carbon, Per Cent | ha ane re Ash, Per Cent 
A 79.1 0.7 18.6 
B 88.0 0.5 9.5 
C 82.3 0.5 15.6 


No regular analysis of the finished sinter is made, because of the diffi- 
culty of sampling. As the Trail charge is made up largely of material 
from one source, and as the difficulties of bedding large quantities of wet 
concentrates in the winter time are many, no bedding system for the 
sintering charge is used. As has been explained, the main control for 
slag analysis is the silica content, so that the charge calculations used at 
most smelters are little used. A daily composite sample of the crushed 
sinter is taken between the first and second sintering machines. The most 
important element in this analysis is the sulphur content, which is kept 
around 6 per cent. Additions to the second sintering machines other than 
just sinter are granulated blast-furnace slag and some wet flue dust from 
the Cottrell humidifying flues. The charge to the first machines contains 
from 49 to 53 per cent lead, 14 per cent S (before the return of crushed 
sinter, which is added in varying amounts), 5 to 6 per cent SiOz, 10 to 
11 per cent Fe, 3 per cent CaO, 6 to7 percent Zn. The bullion runs within 
the following limits: Au, 0.2 to 2.0 oz. per ton; Ag, 40 to 50 oz. per ton; 
Cu, 0.035 per cent; Pb, 98.85; Sb, 0.60; As, 0.35; Bi, 0.02 to.0.06; Sn, 0.02 
to 0.05. Cottrell treater dust analyses: Au, tr.; Ag, 0.7 oz. per ton; 
Pb, 50.0 per cent; Zn, 13.8; 8, 10.5; Fe, 0.1; Cd, 2 to 4; F, 0.8. 

For the recovery of cadmium a certain proportion of the Cottrell dust 
is sent to the zinc plant each day. The lead is returned to the smelter 
with the zinc-plant residue. The Cottrell dust that is not treated for 
cadmium is returned dry to the Dwight-Lloyd machines, where it is most 
important in the sintering operation. 

After experience with the operation of a slag-treatment plant, there 
are undoubted economies to be obtained in conjunction with the opera- 
tion of a lead smelter. To obtain the maximum benefit from these 
economies, however, both plants should be under the same metallurgical 
control, so that all the factors governing the whole problem of the most 
economical recovery of both metals can be given the proper consideration. 


Blast-furnace Practice at the Bunker Hill Smelter 
By P. C. Fepprersen* anp H. HE. LEry 


BLAST-FURNACE operation at the Bunker Hill smelter deviates some- 
what from common practice. Under existing conditions it is economical 
to operate the furnaces at “forced” capacity. The furnace feed consists 
chiefly of sinter and averages close to 50 per cent lead. Experience in 
smelting such material favors a low charge column attended by smaller 
proportions of coke and a low blast pressure. Under such conditions the 
gain in furnace tonnage greatly overbalances the somewhat higher slag 
losses and increased percentage of material fumed. 


FURNACE CHARGE 


The ingredients for the blast-furnace feed are stored in a group of 
24 charge bins (3600 cu. ft. capacity). Each bin has two discharge 
chutes. Beneath each chute is a steel weighing hopper, suspended from a 
Fairbanks scale. The several hoppers are kept filled with the exact 
amount of material required to complete a furnace charge. The weighed 
material is discharged into a standard-gauge, bottom-dump charge car 
containing two compartments, each of which holds a complete charge 
(approximately 114 tons). It is hauled to the blast furnace by a 4-ton 
electric trolley locomotive. The proportionate parts of the various 
constituents of a representative blast-furnace charge are shown in Table 1. 


Tapie 1.—Representative Blast-furnace Charge at Bunker Hill Smelter 


MaTERIAL Pounps 
CBS, (cenoul soo OO BO END DE Ce aie Gon Citas SO ance 2500 
[eaiaVe Rae Reto 4 die GIR 6 tho IOI CDI ero 0 Lc ar eichorn Cictorarcecn 0-— 50 
(CU lcCm EEN Pe ee. oe aca te eriere s Gietelec thn ores eo cuanere tis 250-300 
Sle aeea ORL CO TE dee oie et ten ac tcts ek eben err Renin ne seveiane sbsvnyweeninalfarshanetene id O- 25 
GitUa bata, opuceb obo od oun on ebb oo toac UG oO Orad cg 75 
Undried zinc-plant residue........... 005s c eect errr eee ees 0-200 
CHM EMULE: GDh on oo fo Sa bie 6 Aoi On bicies on Bon Od Uo tuo Oia dere bE 25 
Baghouse dustia, 2s. 0 citys <i te slain e isin s+ beled vir tins he 0- 50 
Tey DEGAICE SIAR soaspine oo ce else nie mole es Henge ee sitet pny s 100 


A variable stock tonnage of zinc-plant residue and return by-products 
results in fluctuations in the percentages of these materials in the blast- 
furnace feed. Accompanying such variations are corresponding increases 
or decreases in the amounts of coke, limerock and scrap iron necessary to 
obtain good furnace operation and adequate reduction. 


Manuscript received at the office of the Institute July 28, 1936. 
* Assistant Superintendent, Bunker Hill Smelter, Kellogg, Idaho. 
+ Research Engineer, Bunker Hill Smelter. 
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Table 2 presents representative assays of the constituents comprising 
the blast-furnace feed. The sinter assay given is that of the final roast. 
During the roasting operation about 10 per cent of the lead content is 
reduced and recovered from the wind boxes. The wind-box lead is sub- 
sequently added to the final roast discharged from the pallets. This 
addition will increase the lead content of the sinter to the blast-furnace 
bins to about 50 per cent, attended by proportionate decreases, with the 
exception of silver and gold, in the percentages of other materials present. 
Silver and gold are concentrated in the wind-box lead and will thus show 
corresponding increased values over the assay presented. 


TaBLE 2.—Representative Analyses of Constituents Comprising the 
Blast-furnace Feed at Bunker Hill Smelter 


Material 
, Return Zine- Bag- “1: 
Sinter Better product Bares eo 9 ere “ 
ANT LOZ uD CTNLOD or. «loro g eel 0.02 0.02 
ACTOZpentON es... ic. tan alee coTO 2.8 75.0 9.0 3.8 25.0 
Gurspenicenireckcsvec can « 0.41 0.6 2.2 0.2 0.07 0.2 
Phe per centareac tnt. mrrer 45.0 5.0 31.0 10.5 60.8 15.0 
Fespericent: 5130) ie 13.5 27.1 17.0 22.5 0.2 2.0 
Mn piper centr sinss am) ease 0.85 
Insoluble, per cent........ 9.0 24.8 14.0 12.0 2.0 75.0 
ALLO oper CeNbana scker.c - 1.39 
CaO emermcentramaen cases 7.59 | 10.4 1.6 
MgON pericentearrryssom ck 0.94 
S APer. cen tanteaciainsis eee ys Dad: 1.2 7.8 7.2 1.0 
ZnO; pericent.n .. .. ck: 0. 6.5 3.0 Tx 
Ziti; DEW CON te tyeeta care Wass 12.0 7.0 
SD DOMeCsiibeyr cn demesne. +n 0.26 12.0 0.10 12 0.2 
AS DOIYCONUM Merce Gr sio.bie- 0.22 iy 0.45 0.24 


« Undried zinc-plant residue contains approximately 40 per cent moisture. 


As indicated by the tables, the feed to the Bunker Hill blast furnaces 
is characterized by a high lead content and predominant proportions of 
sinter. The furnace operation is thus mainly influenced by the physical 
and chemical nature of the sinter! supplied. Consideration of the effects 
of variations in the chemical and physical properties of sinter upon 
furnace operation, and other such details, is beyond the scope of this 
paper. Such information, with regard to this smelter, has been rather 


. The sinter is discharged from the Dwight-Lloyd machines into standard-gauge 
railroad cars and transferred to the blast-furnace charge bins. No fines are removed, 


but a screening arrangement is being contemplated, as this step will unquestionably 
improve blast-furnace operation. 
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completely presented in a group of publications by G. L. Oldright and 
Virgil Miller?. 

To maintain uniform furnace conditions, practice at the Bunker Hill 
smelter is to feed small charges at frequent invervals. Coke is first added 
to the charge car, followed by other ingredients such as limerock, return 
slag, zinc-plant residue, etc., and finally the sinter charge. The charge 
car is then hauled to the feed floor over the top of the blast furnaces. 
The charge is dumped, over a single railroad rail which acts as a spreader, 
vertically through an opening 214 ft. wide. 

The charging interval is a variable depending upon the smelting rate 
of the furnace. Under normal operating conditions a furnace will require 
a charge about every 10 to 12 minutes. Under a given set of conditions 
the desired charging rate is controlled by measuring the height of the 
column with a pole from the feed floor. Indications are also obtained from 
a recording pyrometer installed with its hot junction in the flue outlet. 


Tue Buast FURNACES AND THEIR OPERATION 


There are three blast furnaces* at the Bunker Hill smelter, one or two 
of which operate steadily. The furnaces are 48 by 180 in. at the tuyeres, 
with a height of 22 ft. from the crucible to the feed floor, the crucible 
being 45 by 180 in. The furnaces have two tiers of steel water jackets, 
five jackets on each side with two 4-in. tuyeres per jacket. The blast is 
supplied by a Connersville blower* having 100 cu. ft. displacement per 
revolution, and is driven at a speed of 145 r.p.m. The furnaces use from 
5000 to 7500 cu. ft. of air per minute at an average pressure of 24 oz. 
The fume is conveyed through a steel flue (beneath the feed floor) from 
the ends of these furnaces into a large settling flue, and then to the bag- 
house. With a blast pressure of 24 oz., practically no fume escapes at 
the feed floor. 

As stated at the outset, the Bunker Hill blast furnaces are operated 
with a low smelting column. The height maintained ranges between 
8 and 10 ft. Experience has proved that, under existing conditions, the 
furnaces will smelt much larger tonnages than with a high column. 
Therefore, even though reduction is perhaps not quite as good as in a 
furnace operated with a higher charge column, and more fume is produced, 
the use of a low column is the more economical. Perhaps if the furnaces 
were considerably deeper, so that the charge could be carried at a higher 


2G, L. Oldright and V. Miller: Smelting in the Lead Blast Furnace—Handling 
Rich Charges. U.S. Bur. Mines R.I. 3088 (1931), R.J. 3094 (1931), R.I. 3095 (1931), 
B.I. 3096 (1931), R.J. 3183 (1932). 

3 A furnace measuring 66 by 252 in. at the tuyeres is being constructed, similar in 
design to the two large furnaces of the Consolidated Mining & Smelting Co. at Trail, 
B.C., which have been in successful operation for several years. 

4 Two Ingersoll-Rand turboblowers are held as auxiliary units. Each has a 
capacity of 12,000 cu. feet. 
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level without danger of chocking the flue outlet, and a correspondingly 
higher blast pressure could be maintained, the present picture might 
be changed. 

In keeping with this method of operation, the proportion of coke 
utilized is that sufficient to provide economical reduction, with respect to 
the furnace smelting rate, and a fluid charge. Experience has indicated 
that optimum conditions are obtained with coke equal to about 10 per 
cent of the total charge weight. 

After operation for about 10 days the furnace is run down and accre- 
tions are removed. The furnace column is smelted to a height of about 
5 ft. above the tuyeres, then a charge of coke is dropped in and the tuyeres 
and lead well are plugged with clay. One top jacket is removed from 
both the front and back ends of the furnace and the accretions are drilled, 
barred, and sledged through to the top of the bottom jacket. The 
material thus removed is transferred to the crushing plant and thence to 
the roaster charge. The removal of accretions requires 2 to 3 hours. 

The slag is tapped through two settlers. The first, 6 ft. in diameter 
and made of cast steel 214 in. thick, overflows into a smaller pot, 514 ft. 
in diameter and 1 in. thick, The second settler overflows into a Tread- 
well pot of 130 cu. ft. capacity, and is hauled to the slag dump by a 
10-ton standard-gage electric trolley locomotive. 

An average assay of monthly composite samples of slag going to the 
dump during the past year is given as follows: Ag, 0.15 oz. per ton; Cu, 
0.12 per cent; Pb, 1.2; FeO, 36.4; MnO, 1.6; SiOe, 21.99; Al2Os, 3.8; CaO, 
15.2; MgO, 1.63; S, 1.9; ZnO, 16.5. 

The lime content of the slag is relatively high. The bulk of this lime 
enters the furnace as a component of the sinter charge (Table 2). At this 
plant, the improved results obtained by its presence during the sintering 
operation, coupled with its beneficial properties in subsequent blast- 
furnace reduction, have favored the use of a high-lime charge. 

As might be expected from the foregoing analyses of the constituents 
of the furnace charge, the tonnages of matte and speiss formed in the 
Bunker Hill blast furnaces are relatively small. The lead, at furnace 
temperatures, is capable of dissolving practically all the matte and speiss 
formed. They are removed with the lead flowing from the furnace, 
segregating upon cooling as dross scum, 

The lead runs through a lead well in the side of the furnace. A good- 
sized stream flows rather continuously into a 4-ton brick-lined cast-steel 
pot, which rides on a four-wheeled carriage. When filled, the carriage is 
pulled from the furnace by a traveling crane, then the pot is lifted and 
transferred to a drossing kettle. Here the lead is dumped and the pot 
returned for another charge, 
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Lead Blast-furnace Practice in Missouri 
By GC. M. Warner,* Memser A.I.M.E. 


In both the Flat River district of southeast Missouri and the Joplin 
district of southwest Missouri the lead concentrates are of very high 
erade, free of arsenic, antimony and bismuth, and contain no gold and 
very little silver. The general practice in both districts is to smelt the 
concentrates containing 70 to 85 per cent lead on Scotch hearths, to 
recover 70 to 85 per cent of the lead, and then smelt in a blast furnace 
the slag formed in the Scotch hearths to bring the total recovery of lead 
from lead concentrates to over 97.5 per cent. 

At the lead smelter of the St. Joseph Lead Co. at Herculaneum, Mo., 
no Scotch hearths are used. In the other smelters in the district the blast 
furnace plays a minor role to the Scotch hearth . 

The concentrates produced from the Flat River district are either 
table concentrates or flotation concentrates containing: 


SS  aaenran EEE 
Pb, 5, Zn, 
Per Cent | Per Cent | Per Cent 
Mable CONCENITALCS....------ e+e seer ene rete e tee 80.0 14.2 0.6 
Flotation concentrates..........-+e eee e cere eters ioe 14.3 20 


Both types of concentrates are received at Herculaneum in box cars after 
being sampled. Great care is taken in weighing and sampling of cars 
of concentrates and in the determination of moisture and lead contents. 

The concentrates are unloaded into bins by an adaptation of scoop 
grain unloader. Four men unload and sweep a 40 to 45-ton box car of 
concentrates in 30 minutes. 

The same grade of concentrates is received each day and no metal- 
bearing fluxes are available. The problem is to get as high a recovery as 
possible as cheaply as possible from the high-grade lead concentrates 
produced by the company’s concentrating mills. 


SINTERING 


The bulk of the sulphur is removed from the concentrates and the 
fine concentrate particles are agglomerated by double roasting on typical 


Dwight and Lloyd sintering machines. 


Manuscript received at the office of the Institute Aug. 6, 1936. 
* Superintendent, Herculaneum Division, St. Joseph Lead Co., Herculaneum, Mo. 
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All the fine materials around the plant are put into the sintering 
mixture. Lead concentrates and burnt baghouse fume constitute the 
lead-bearing part of the charge to the sintering machines, to which are 
added granulated slag and small amounts of pyrites cinder, crushed 
matte, silica sand, flue dust and tailings, or fine particles screened from 
the finished sinter through a grizzly. 

The mixture to the sintering machines is apportioned by feeders on to 
a collecting belt, and is not weighed. The analysis of the final sinter 
governs the adjustments of the feeders, and the finished sinter can be 
held to a high degree of uniformity both as to chemical analysis and 
structural strength. 

In earlier practice barren fluxes were used entirely to dilute the lead 
concentrates to a mixture that would make a good sinter, and only one 
sintering operation was considered necessary. The use of granulated 
slag cut the cost of fluxes and the granulated slag carried its own lead loss. 
It is cheaper to spend money on the sintering process and secure a better 
product for smelting in the blast furnace. In double sintering the lead 
content of the finished sinter is raised and a lower sulphur content and a 
stronger sinter are obtained. The crushing of the first sinter exposes 
fresh sulphide particles that have melted and not oxidized, rendering a 
more complete desulphurization possible. 

The use of granulated slag instead of barren flux, the increased ton- 
nage over the sintering machines, the mechanical improvements in 
handling the sintering mixtures, have resulted in the production of 
‘‘double-pass sinter” at less cost than when the ‘‘single-pass”’ was made, 
and the higher lead, lower sulphur, stronger sinter makes possible the 
- production of as much lead from one blast furnace as formerly was 
secured from two. 

A dilution of the concentrates to produce a finished sinter containing 
50 to 52 per cent lead and 3 per cent sulphur gives the cheapest combined 
sintering and blast-furnace cost. The sulphur content of the original 
charge to the sintering machines is lowered without lowering the lead 
content by the judicious use of tailings. The openings in the grizzly bars 
at the discharge end of the sintering machines permit the tailings or fine 
sintered material to circulate in the amount desired. This fine sintered 
material also adds porosity to the charge and speeds up the sinter- 
ing operation. 

The sulphur content of the charge to the sintering machines averages 
10 to 11 per cent sulphur. The first-pass sinter contains 6 per cent 
sulphur and the finished sinter contains 3 per cent sulphur. Enough 
sulphur must be left in the first-pass sinter to provide fuel to make a 
strong finished sinter on the second pass. 

It is desired to produce for the blast furnace a self-fluxing sinter of 
uniform analysis and strong structure. Between the first-pass and 
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_ second-pass sinter, various additions can be made to the charge—more 


concentrates, matte, coke breeze, sand, etc. The ignition of the sinter 
charge at the Herculaneum smelter is by natural gas and averages 
100 cu. ft. of gas per ton of finished sinter. 

With the high-lead charge, particularly on the second pass, a large 
amount of wind-box lead is produced from lead dripping through the grate 
bars of the sintering machines. In the wind box sharp-edge dividers 
prevent the formation of pieces of lead that are too large, and extra large 
doors are provided to remove the lead from the wind boxes. An increase 
in the silica content of the finished sinter reduces the amount of wind- 
box lead. 

The sintering machines have been rebuilt using heavier sections 
everywhere and give very little trouble. Four sintering machines operat- 
ing 16 hr. a day produce an average of 350 tons of double-roasted finished 
sinter. One 20,000-cu. ft. suction fan with 75-hp. motor is used for two 
sintering machines. The power used in sintering averages 12 kw-hr. per 
ton of finished sinter and the tonnage of finished sinter per 8-hr. man shift 
averages 18 tons. 

Between the first-pass sintering and the finished sintering, the pre- 
roast is crushed to 80 per cent less than 3g in. This crushing is done in 
a separate crushing plant after the preroast has cooled. Crushing the 
preroast as part of a continuous process in double roasting creates too 
much dust, gives irregular crushing and moisturing of the preroast, does 
not allow adjustments in the charge to the finish roasting machines and 
runs up the cost of crushing and maintaining crushers, conveyors, etc. 
The preroast sinter at the Herculaneum smelter is quenched with water, 
put into 50-ton steel cars, unloaded and crushed to 3¢ in. in a separate 
crushing plant, loaded into 50-ton wooden A-dump cars and hauled back 
to the mixing room. The preroast crushing equipment consists of a 
24 by 16-in. jaw crusher, a set of 42 by 16-in. rolls and a revolving screen. | 
Two men crush, size and load 375 tons in 6 hr. A typical analysis of 
finished sinter is: Pb, 51.8 per cent; Cu, 0.80; insoluble, 10.6; SiOz, 8.2; 
FeO, 15.1; CaO, 3.2; 8, 2.8; Zn, 5.5. 


Biast FURNACE 


The sintering machines are operated to keep sintered material just 
ahead of the blast furnace. The moist sintered material is not strong 
at any time, and tends to break up if held in storage more than three or 
four days. The second-pass sinter is unloaded at the blast-furnace supply 
bins and constitutes the bulk of the charge to the blast furnace. Other 
bins contain coke, wind-box lead, slag and forehearth cuttings, gravel, 
limestone, iron cinder and iron scale. ‘The sinter cannot be held exactly 
self-fluxing, so small additions of the various fluxes are added to produce 
the slag desired. 
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The coke used is a good grade of metallurgical coke of the following _ 
analysis: HO, 2.5; volatile matter, 1.2; ash, 7.7; fixed carbon, 91.1. 

Iron cinder is used at times to make a free-running slag when the lime- 
magnesia content of the zincky slag is too high. Iron scale is the cheapest 
source of iron and has some small reduction value in the blast furnace. 
Scrap iron is the most expensive form of iron flux and is used sparingly 
to keep lead out of the small quantity of matte produced. 

The charge is gathered from bins by a larry car that carries its own 
scale on which each part of the charge is weighed separately. The coke 
is weighed first, then the fluxes and finally the sintered ore and slag. 
The larry car then carries its charge to the blast-furnace charge car and 
dumps it. The distribution of the coke is checked to prevent one side 
or one end of the furnace from getting more than its share of coke. To 
overcome irregular coke distribution, and to brighten dull tuyeres, a 
small amount of coke is withheld from the charge in the larry car and 
added by hand at the proper place in the blast-furnace charge car. 

The blast furnaces are 50 in. wide at the tuyeres, 192 in. long and 20 ft. 
from the feed floor to the tuyere line. One furnace produces 130 tons 
of refined lead per 24 hr., using 6000 cu. ft. of air at 18-oz. pressure at the 
tuyeres. The charge column is held 1214 ft. from the feed floor after 
dumping the charge, giving a 714-ft. column. The lead in the slag varies 
between 1.5 and 2 per cent. 

The furnace puts through 32 charges in 8 hr., made up as follows: 
sinter, 6500 lb.; drosses, 1000 lb.; iron scale, 100 lb.; slag, 1200 Ib.; coke, 
650 lb.; iron cinder and gravel as needed. 

The blast-furnace operation at Herculaneum varies from normal 
practice in the small amount of coke used and the short column and low 
blast pressure. The reduction can be maintained easily by a small 
difference in the height of the furnace column or a small increase in the 
lime-silica ratio. The best furnace conditions and speed are secured 
when a slag containing 1.75 per cent lead is made. As over one-half of the 
granulated slag is returned to the sintering plant to dilute the concentrates 
before sintering, each car of granulated slag is analyzed and the slag 
highest in lead is returned to the circuit. With this slag arrangement and 
a tight baghouse, it is easy to maintain a high lead extraction for the 
plant. In fact, for the last 10 years the plant recovery from lead in 
concentrates received from the mills to pig lead has averaged over 
97.5 per cent. 

A very small amount of matte is produced, varying from none to 
3 per cent matte fall. The matte contains nickel and cobalt. If the 
furnace reduction is too strong, a fluid dross appears on the lead in the 
refinery and the finished pig lead is high in nickel. 

A rather complete top barring every two weeks removes wall accre- 
tions. The furnace top is dropped to 15 ft. from the feed floor late on the 
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night shift and several small dynamite bombs are shot, to free the furnace 
of its heaviest accretions. The top of the charge is then dropped almost 
to the tuyere line, coke put into the furnace and accretions barred and 
shot until the shaft is clean. This operation takes from 3 to 4 hr. 
Detachable hollow points made from old boiler tubes are driven into the 
crusts by a pipe and air hammer. The points and pipe are filled with 
water and a special bomb containing 14 stick of dynamite is lowered into 
the water-filled point. These light shots materially speed the bar- 
ring operation. 
Typical slag and matte analyses are as follows: 


Pb Cu SiOz FeO CaO MgO iS) Zn Al:Os NiCo 
SL EY oa eee 12 COMO SL E26. Se 835.5 8 8.1 A Oe 0. 310.0). 20.37 
Matte.... 15.10 11.1 23.9 LORS S20 2.6 


The blast-furnace top is generally hot. The furnace gases are mixed 
with the gases from sintering machines, all of which then pass through the 
baghouse. The life of woolen bags is four years on this mixture of gases 
and a clear stack is maintained without difficulty. The stack is 350 ft. 
high and the smoke causes no damage in a farming community. 


REFINERY 


The refining operation is very simple. To produce chemical lead, 
the blast-furnace lead is drossed, cooled by spraying the lead in the kettle 
with water, drossed again, cooled until the lead is almost frozen. The 
repeated drossing removes all impurities from the lead except 0.06 per 
cent copper, 0.01 per cent nickel and 2 oz. of silver per ton. Common 
lead is made by partly removing the silver, copper and nickel from the 
lead by the Parkes process, and corroding lead is made by a complete 
removal of all impurities by the Parkes process to give a lead purity of 
99.997 per cent lead. There is no arsenic, antimony or bismuth in the 
ore at Herculaneum. 


MopERN CONDITIONS 


The Herculaneum smelter of the St. Joseph Lead Co. is modern and 
fully equipped with labor-saving machinery. Great emphasis is placed 
on preventing lead colic. The Missouri law on the subject is carried out 
in detail and then extra precautions are taken. The result is that only a 
few very minor cases of lead colic have occurred in the past 10 years. 
In the hot Missouri climate the double-sintering, blast-furnace procedure 
with first-class equipment allows the employment of a better class of 
workmen, gives better health conditions around the plant and, especially 
on large tonnages, gives a low cost per ton of concentrates smelted. 
This is particularly true when the tonnage of flotation concentrates 
increases as compared to table concentrates. 


Smelting in the Lead Blast Furnace 
By G. L. OtpricHt* aND Vira Minier,t Mempers A.I.M.E. 


It is well known in metallurgical circles, though less recognized in the 
technical press, that there have been remarkable increases in the capacity 
of the blast furnace in the last five years. In places this capacity has 
been almost doubled. This paper will brief the experimental work carried 
on during more than five years with the direct assistance of the technical 
staffs of three lead smelters treating three distinctive types of feed. The 
first is the custom smelter of the International Smelting and Refining Co. 
at Tooele, Utah!, with a multiplicity of ores; the second, the Kellogg, 
Idaho, smelter of the Bunker Hill and Sullivan Mining and Concentrating 
Co.’, treating an exceedingly rich lead charge, such as is now being made 
more and more as the practice of concentration is improved; and the 
third, the smelter at Trail, B. C., owned by the Consolidated Mining and 
Smelting Company of Canada, Limited’, which treats highly zinciferous 
charges and later recovers zinc from the slag. In comparing operations 
at these three smelters it must be clearly recognized that the objectives in 
smelting differ through differences in economics. Many operations are 
not, then, strictly comparable. There have also been decided improve- 
ments in operation since all of the smelters were examined, though this 
was but a relatively short time ago. The general factors that govern 
speed in smelting and the loss of metals in the smelters examined will be 
stressed. (For details of operation the reader is referred to the original 
papers.) This paper will then be an examination of the fundamentals of 
operating units in a search for improvements, and not a description of — 
three great lead smelters. 


Capacity oF Birast FURNACE 


Assuming a well prepared and self-fluxing charge to start with, enough 
coke must be added: (1) to melt the charge, particularly the slag-forming 
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ingredients, (2) to furnish sufficient heat for the chemical reactions of 
reduction, (3) to hold the charge open to allow air to penetrate it, and (4) 
to allow lead to liquate from the molten slag. Coke is the only infusible 
constituent in the charge of the blast furnace. Its removal is the slowest. 
The rate of burning of coke determines the rate of smelting, assuming that 
enough coke is added for requirements. Any amount of coke added in 
excess of these requirements cuts down the rate of smelting. The maxi- 
mum rate of smelting depends upon the kind of charge, the proper propor- 
tioning of the ingredients, including coke, the preparation of the charge 
to get air through, the altering or removal of difficultly fusible compounds 
(ZnS, for example), and the even distribution of maximum volume of air 
feasible to the furnace. There is, of course, a volume of air to the furnace 
that cannot be exceeded for mechanical reasons. With steadily improv- 
ing quality of the charge, however, it has been possible to increase steadily 
the volume of air to the blast furnace and even to decrease the percentage 
of dust made at the same time. 

Experimental data on methods of preparation of the charge for the 
blast furnace, as done in the operation of double sintering, were obtained 
at two plants—Kellogg and Trail. 

The feed is important; particularly the sudden variations in the chem- 
ical composition of the size of the feed. The material received on each 
pallet must be sintered—not some “average feed.”” To show the sharp 
variations in the composition of the feed, it is necessary to compare con- 
secutively taken samples. The data selected for the second roast 
machines (from R.I. 3183, p. 16) show the variations in feed in 10 consecu- 
tively taken samples, sample 8, however, being omitted. The data to 
show the variations in feed of the first roast were selected (from R.I. 
3243, p. 18), where 15 consecutive pallets were sampled (Table 1). 


TaBLE 1.—Variation in Feed Composition According to Sieve Size 


Limits of Chemical Composition, Per Cent Lee ct Seg ee IAT 


Material 
Pb Fe Zn Plus 34 In. Minus 20 Mesh 
Feed to second] 50.4] 10.2} 6.7) 5.6) 6.5 2.0 0 8.9 
roast at Kellogg.| to to to to to to to to 
52.41 12.8] 8.6] 8.7) 8.0) 3.6 16.3 24.6 
Feed to first roast | 37.2} 12.3] 7.2) 2.8 9.6} 9.1 21.0 1.3 
at Trail. to to to to to 


45.0| 14.7} 12.1] 3.6) 10.9} 10.8 44.2 18.3 


The great variations in particle size are largely due to the difference 
in degree of “balling” of the fine-grained ingredients of the charge, such 
as galena flotation concentrates and zinc-plant residues. If screened 
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TABLE 2.—Chemical Analysis and Sieve Test of Sintered 
Products 
a nS 


Chemical Analysis, Per Cent 
Depth of Layer yaaretin atte 


Product from Top of 

Cake; tn. Pb | Zn sio: | Fe | CaO s 
Feed to first roast....... 14 from top | 50.4| 4.3} 8.4] 9.2| 2.5] 13.9 
Ww-1% 46.8 | 4.3 9.0 | 10.2 325, heloee 
144-2 42..2.\. ALi, 10, LOO 4.6] 11.9 
214-314 41.4] 3.9 9:8) | 1.5 565-1039 
344% 42°83 |) cd). 9° Ore | ald 5/9") Pies 
Sinter from first roast.... 0-1 50.2 4.4 OR MELZEL 3.8 6.3 
1-2 49.6 | 4.4] 11.8 | 13.9 4.2 5.8 
2-3 47.3 AZ I2e Le Los 4.7 6.0 
3-4 49.8 | 3.8] 10.0 | 12.0 5.6 6.4 
Feed to second roast..... 0-44 49.6 3.6 8.2 | 10.0 6.2 7.5 
w-1\% 49.4] 3.7 8.0 | 10.9 5.8 ni2 
14-24% 48 .0 3-9: eS 8. )el let 5.8 6.6 
2144-344 47 .6 3.8 8.6 | 11.5 6.4 6.4 
34-44% 48.8| 3.8] 7.8 | 10.6 6.2 6.6 
Sinter from second roast. . 0-1 47.4 4.5 9.6 | 12.3 7.3 2.3 
1-2 49.4 4.1 9.4 | 11.6 7.5 2.3 
2-3 47.6} 4.5] 9.4] 12.5 7.5 2.3 
3-4 50.8 | 4.1 | 10.0 | 10.5 eine 2.8 


Screen ANALYSES oF Horizontau Layers, FEED To SeconD Roast In PER CENT BY 
Weient or Toran MATERIAL 


Layers, Inches from Top of Cake 


Screen Size 0-13 }4-1}4 | 134-234 | 24-34 | 334-434 


PLUS ONS Hci. eae divanitehd cee wae ety ee eee none | none | none 7.00) so2ed 
Minus 0.371 in. plus 8 mesh............. 16.9 15.3 | 56.6 78.9.| 64.7 
Minus 8 mesh plus 48 mesh............. 56.4 | 64.5] 35.0 14.1 13.0 
MiInUSTES GSD). \ic-0s ciclucicte ae ences mak 26.7 20.2 8.4 | none | none 


100.0 | 100.0 | 100.0 | 100.0 | 100.0 


wet, about 90 per cent of the original constituents at Trail and some 
70 per cent of the charge at Kellogg would pass 200 mesh. The coarser 
materials are crushed limerock and siliceous or coarser lead ores, and at 
Kellogg some jig and table concentrates are also received. In considering 
variations, it is to be remembered that: (1) enough sulphur as fuel has to 
be supplied in the sinter, both to ignite and to remove the sulphur, and 
(2) a final hard cake must be left. The two objectives often conflict. 
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8.0 — 6.5 
ST 
18.8 per cent. The variation in fusible constituents is also notable. In 
general, the feed to the second roast is much less variable in composition 
than is the feed to the first; the first roasting operation not only removes 
much sulphur and dries the charge but also mixes the ingredients better. 
Besides the variations from pallet to pallet, the particles in the first 
roast are also semiclassified on each pallet as to particle size and weight 
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The maximum variation in fuel content noted above was r 
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by rolling with varying degrees of freedom down inclines from the swing- 
ing chute. The coarser, heavier particles near the bottom of the pallet 
are usually richer in lead than in the center of the cake; much of the lead 
fines stays near the top. When the first roast is recrushed and rebedded 
for the second roast, there is the same tendency to form layers of varying 
compositions. A bedding system for the feed to the second roast would 
be expected to make the chemical composition of the charge from pallet to 
pallet much more uniform, but variations from top to bottom of the cake 
will be found unless the feed to the first roast is better mixed. 

To learn the variation in feed to the Dwight and Lloyd machines, and 
also the change in composition of the sinter cake, the material was sampled 
by cutting horizontal layers across the pallets. Table 2 gives the chemical 
and sieve analyses of such products at Kellogg. The sets of samples are 
for different days and are not of the same materials. 

The curves of Figs. 1 and 2 give the volumes of gases going through 
the cake, their SO, content, and temperature of the cake, as the pallet 
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travels across the wind boxes. The samples of SO2 gas at Kellogg were 
taken under the center of the pallet. At Trail they were taken likewise. 
The following curves showing SOz concentrations, air volumes through 
the sinter cake, and temperatures are the averaged results and show the 
general trend of sintering. The separate cakes, however, ignited and 
burned at different rates. If plotted for any one test the curves show the 
same shape but vary in magnitude. The sintering machine operates: 
at a constant draft. The volume of gas through any given spot in the 
cake then obeys the laws of shunts—any crack or abnormal porosity of 
the cake admits far more than its proportion of air. Usually, but not 
always, the SO, concentration varies somewhat inversely as the volume 
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of air. A faster rate of burning, or cooling, may result with added volume - 
of air and may increase or decrease the concentration of SOs. 

The richness of the lead charge at Kellogg is exhibited in the richness 
of the SO. gas made by the ‘“‘roast-reactions’’ between oxidized lead 
compounds and lead sulphide; metallic lead is the other product of the 
reaction. As those operating the Scotch hearth have found, the addition 
of inert diluents greatly reduces the speed of the reaction; the direct 
contact of the reactants in a semiliquid state seems essential for much 
metallic lead (and SOz) to be made by the reaction. The great differences 
in air volumes follow from the causes of evolution of SO. of varying 
richness—just before SO. of the maximum strength is evolved from a 
semiplastic cake at Kellogg, the volume of air through the cake starts to 
drop sharply, and does not increase much until the sintering operation 


is about half over. At Trail, the volume of air through the cake increases 
gradually during the second roast. 
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A special pallet was made to draw off all the gas completely across 
one section of the pallet, as shown in Fig. 3. 

The results, when plotted, showed the same trend as the SO2 concen- 
tration curves of gases taken at a single point. The average percentages, 
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PASSING THROUGH CAKE. 


however, were slightly less, as the sample includes the poorer gases at 
the sides of the pallet. 


EXPERIMENTS TO IMPROVE SINTERING PRACTICE 


The sides of the pallet offer lines of weakness through which air may 
be easily sucked, particularly if coarser material is also at the sides. 
Extra air drawn down through the pallet acts like a sand blast to make 
still larger openings in the pallet gratings, so that the wearing effect 
is cumulative. 

Attention has already been drawn to the variations in feed to the 
sintering machines. The feed as bedded on the pallets also varies from 
one side to the other. If the width of the pallet is divided into three 
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equal sections, the average volume of air passing through each section 
(1 by 3 ft.) and for a distance of pallet travel of 1114 ft. varies naturally 
with the feed through which the air is being measured. One test gave 
the average air volume for the south side as 114.1 cu. ft. per square foot 
of grate area per minute, the center section 47.7 cu. ft., and the opposite 
side 82.7 cu. ft. As the loading chute swings back and forth in normal 
practice, it selectively throws coarser material to the sides of the pile of 
feed, and more of these coarser particles then run down the pile onto the 
sides of the pallet. A curved deflection plate was installed, which gave 
a uniformly porous bed across the pallet. The feed then dropped verti- 
cally and rolled down the pile of material in a direction parallel to the line 
of travel to the pallet. With other variables, such as the composition 
and nature of the feed, first smoothed out, the manner of bedding pallets 
is worthy of close attention by those wishing to secure a more uniform 
cake, as well as to make less and richer SO: gas. 


Optimum Bedding on Pallets According to Particle Size 


The natural tendency of coarser particles to bed closer to the pallet 
and of fines to go to the top of the cake is useful in that coarser particles 
fill openings in the grate so that the fines will not run through it and the 
fine sulphides on the top make it easier to ignite the cake. The variation 
of the chemical composition of the feed of the particles of various size 
makes it difficult to determine just what proportion of the particles of 
various sizes should be in each layer. As an extreme, a batch of feed at 
Trail was sieved into four sizes: plus 14-in., minus 4 plus 4-mesh, minus 
4 plus 8-mesh, and minus 8-mesh. These sizes were placed carefully by 
hand on the pallet in the order given. The top ignited quickly and burned 
at a high temperature before the bottom part of the cake was well ignited. 
The differences in rates of burning and expansion split the cake horizon- 
tally, there being 2 in. between the layers. Some fines were needed with . 
the coarse to ignite the latter, and some coarse was needed with the fines 
to give porosity and allow the bottom to ignite more quickly. In practice, 
if feed were sieved into some four sizes as above and each bedded sepa- 
rately on the pallet, there would be less chance for differences in composi- 
tion and sizes from pallet to pallet. Jarring of the machines would also 
tend to allow fines to settle between the coarse particles. 


Ignition 
The bedded charge on the sintering machines is usually ignited by a 
coke, oil, or gas flame. The size and shape of the igniters vary. One of 
the main variations, however, is the width of the hot zone. Before the 
first wind box is reached by a moving pallet it must pass over a flat metal 
plate some 30 in. wide. This is called a ‘‘dead plate” and acts as a seal 
to prevent air from entering the wind boxes from the ends instead of 
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through the cake. The bottom of the pallets and the surface of this plate 
are not a perfect fit, consequently there is a slight suction of air through 
the cake as it passes over the dead plate. One measurement of the 
amount of this air is shown in Table 3. 


TaBLE 3.—Volume of Air Passing through Cake 


Arr THROUGH CaKE, Cu. Fr. rrr Min. 


DiIsTANCE FROM Epap or Derap Puate, IN. PER Sq. Fr. Grate AREA 
0 
6 2 
18 8 
24 15 
30 50 


Minus 20-mesh ore containing 6.5 per cent sulphur and 6.5 per cent 
moisture will ignite in one minute when gas is gently drawn through it 
at 800° C. Electrical ignition is satisfactory as long as there are fine 
sulphides on top of the cake, although the decrepitating sulphides cause 
some trouble by flying up, striking, and sticking to the wires. With 
coarser material on top, a penetrating flame is needed. The proper point 
of ignition above the dead plate is important from the basis of fuel con- 
sumption. An overly large volume of air through the cake at this point 
is harmful, as it may chill the gases; small volume of hot air and gas is 
usually enough, if the fuel is burned uniformly across the pallet. Besides 
the size of the particles, the content of “sulphide sulphur” and the volume 
of gases through the cake, the amount of moisture in the charge must be 
regulated to give the best rate of burning downward. The rate of flame 
propagation downward should be rapid, yet not so fast that the top layer 
will fuse, the cake split, and channels form that will allow air to escape 
without going through part of the cake. 


Moisture in Charge 


The materials with which moisture is associated were found to have a 
surprisingly great influence on the porosity and structure of the cake, on 
the rate at which the sulphide ignites and burns, and therefore on the 
strength of SO, gas that can be made on Dwight-Lloyd machines. With 
the rich, fusible charge obtaining at Kellogg, the metallurgists had to 
guard constantly against fusing the cake before the sulphur was burned 
off. The endeavor was to bed the feed to the second roast with the 
quantity of water that would give the minimum weight per unit volume. 
This desideratum was closely linked to obtaining a material that, when 
mixed with the remainder of the feed, would make a product containing 
a maximum quantity of water without being like mud, or dripping. Of 
all the smelter products freshly formed, unburned flue dust retained thus 
a maximum amount of water, both in itself and when admixed with the 
charge. At Trail, the freshly precipitated Cottrell dust was particularly 
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efficacious in this regard. This dust weighs about 14.4 Ib. per cu. ft. 
when fresh and 52 lb. when it has stood and oxidized somewhat. With 
unburned flue dust added to the second-pass sintering machines, the 
material as bedded weighed 125 lb. per cu. ft. and would retain 7 per cent 
of moisture. With the same weight of burned flue dust the bedded 
material weighed 135 lb. per cu. ft. and would retain only 5 per cent of 
moisture and still give the crumbly, nonmushy structure desired. Mate- 
rials such as zinc-plant residues, containing when wet some 29 per cent 
of moisture and when partly dry some 19 per cent, do not give a bedded 
material of desirable structure or properties. 

When blast-furnace practice was improved, so that much less dust 
was made, some approximately quantitative figures were obtained as to 
the difference in results in sintering. With a larger proportion of flue 
dust on the feed to the first roast, the second roast cake ignited and burned 
at such a rate that gases as rich in SO, as 14.5 per cent were obtained. 
Gas containing 11 per cent SO, was obtained for the first 12 ft. of pallet 
travel. Without the flue dust, the usual maximum strength of SO, gas 
is 4 to 7 per cent. It is not effective to add this flue dust to the second 
roast—the structure given to the first-roast particles persists even after 
crushing, and when the material is bedded and then roasted the second 
time. If the first sinter is not porous, it is more difficult to expose the 
sulphides to the air in the second roast. The sulphur content of the faster 
burning sinter is usually 0.7 to 1.7 per cent, and some 0.2 to 0.7 per cent 
lower than in the slower burning cake. The slower burning cake is 
usually more compact and darker, showing that it contains less iron in 
the ferric condition. 

With the more porous structures given by more flue dust, in general 
as the pallets move across the wind boxes the temperature in the cake 
rises more quickly, and SO, is evolved more rapidly. In the slower 
burning cake the SO, keeps coming off for muchlonger. The temperature . 
as measured by thermocouples embedded at various elevations within 
the slower burning cake may have a higher maximum and also be more 
prolonged. For the slower rate of burning, one may never get through 
the cake more than 100 cu. ft. of air per minute per square foot of grate 
area in 22 ft. of pallet travel. With the faster rate of burning 100 cu. 
ft. through the cake per square foot of grate area may be obtained after 
the first 5 ft. of pallet travel and over 200 cu. ft. before the wind boxes 
are traversed. 

Increased capacity may be insured by speeding the rate of travel of 
the pallets containing the faster burning sulphides. It was shown in 
later experiments that by placing a thermometer under the cake near the 
end of the last wind box, the machines could be speeded to greater pro- 
duction without additional hazards to health by discharging fuming sinter 
cakes. A recording pyrometer also gave a check on the whole sintering 


G. L. OLDRIGHT AND VIRGIL MILLER 91 


operation. In short, the structure of the cake made in sintering is gov- 
erned largely by the way in which the cake is prepared and the way in 
which it burns after it is ignited in the first 5 or 6 ft. of travel of the pallet. 


Recirculation of Gases 


With the faster burning sinter most of the SO2 was removed in the first 
7 ft. of travel over an 11-ft. wind box and the volume removed from the 
next 4 ft. of the wind box was about equal to that removed from the 7-ft. 
section. By placing a partition (shiftable if desired) in the wind box and 
circulating the gases from the second section back through the first, the 
gas coming off the first section would be enriched in SO.. The experi- 
ments to enrich SO» gases thus were not entirely successful : slower burning 
sinter had to be handled, which upset all calculations. The recirculated 
gas contained less oxygen, but the loss of heat in the cake was more than 
made up by the increased heat of the oxygen. The cake fused more 
readily, a noteworthy point, particularly when there is a scarcity of sul- 
phide sulphur for fuel and a plant where the air can be heated. 

The solids in the Dwight-Lloyd gases were normally as shown in 
Table 4. 


TaBLE 4.—Solids in Gas from Sintering Machines 


DiIsTANCE ALONG SoLIps PER 


Winp Boxes, Fr. Cu. Fr., Mea. NatTurRE oF Souips 
3 85.6 Mostly mechanical dust 
6 32.2 Less dust, more fume 
9 26.4 Still less dust, much fume 
15 14.6 Mostly true fume 


The greater part of the solids in the gas from the 7 to 11-ft. sections 
was filtered out and left on top of the filter cake of the first 7-ft. section. 
Even when rich SO, gas is not desired for acidmaking and other purposes, 
the recirculating of gas will give a smaller volume of gases to handle, 
containing less dust. 


Long versus Short Machines 


In general operation, the increase in SO, concentrations and tempera- 
tures occurs in about the same manner with long and short machines, 
but it is more prolonged in the longer machines. With cakes of the same 
density, more sinter is usually produced by the shorter machine per foot of 
length of machine. The cake is somewhat less dense on the long machine, 
chiefly because the material when being bedded is jarred less by the falling 
of the discharging pallet. The long machine is good for drying much wet 
material like zinc-plant residue on the first roast. The main advantage 
of the long machines is that there is less overhead equipment per ton of 
sinter made. It is often easy to increase the length of the machines as a 
means of increasing the capacity of the plant. 
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Thin versus Thick Beds 


At Trail, more sinter was produced with a thinner cake. Thus 
finished sinter could be made and the pallets run 18 in. per minute with a 
7-in. bed compared to 9 in. of travel per minute possible for an 11-in. bed, 
and still good sinter be made in both instances. The slower machines, 
however, require less expenditure for upkeep. The presence of infusible 
material as zinc-plant residue helps keep a thicker bed sufficiently open for 
gases to pass through, and such materials have longer todry. At Kellogg, 
with the more fusible charge, sinter could not be made successfully in 
thick beds. 


Future DEVELOPMENTS OF SINTERING 


Metallurgists have shown their usual adaptability in being able to 
sinter material of widely differing ranges of composition, even when the 
variations have been sharp. A feed of more uniform composition would, 
however, seem one of the great prerequisites to further improvements. 
If such a feed could be given to the first-roast machines, the second roast 
could be more uniformly bedded as to particle size if a series of sieved 
products was used, and there would also be less chance for the feed to 
segregate in every intermediate storage bin, as at present. 

Each stage of improvement in sintering practice has had some limit of 
sulphur content set, under which supposedly the sulphur could not be 
roasted off and a hard sinter cake of sufficient strength obtained to give a 
porous column in the blast furnace; 3.5 per cent of sulphur was once 
thought the lower limit. Now, with less than 1.5 per cent of sulphur 
in a cake at Trail, it is weak structurally; with 0.7 per cent sulphur the 
cake is very crumbly. It is then, perhaps, possible to feed the cake in 
such a way that the material contains still less weight per cubic foot and 
thus one can probably remove still more sulphur. The desulphurized — 
crumbly cakes could then be agglomerated by some means, such as with 
coke breeze on a Dwight-Lloyd machine or in a revolving cylinder. 
Experiments at Kellogg showed that much of the lead in the sinter cake 
can be reduced to metal on the Dwight-Lloyd. Although the lead 
reduced on the sintering machine would not need to be reduced in the 
blast furnace and coke breeze is cheaper than the part of the coarse coke 
replaced in the blast furnace, it is difficult to liquate metallic lead from 
sinter cake by the use of carbon. The metallic lead present would 
make the charge in the blast furnace more fusible and also probably 
help to keep the coke there from burning rapidly. The amount of metal- 
lic lead found in the wind boxes was found to be almost proportional 
to the amount by which the lead content of the sinter cake exceeded 
49 per cent. Metallic lead is then seemingly formed by interaction 
between lead sulphide and oxidized lead compounds in the liquid state; 
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any diluents seemingly decrease the amount of lead usually found in the 
wind boxes after the first few feet of travel in the second roast. For 
autogenous sintering following present trends, attention should be cen- 
tered more on what happens in the first 6 ft. of pallet travel and in bedding 
a cake of a nature that will ignite, and burn through to the bottom 
more quickly at a higher temperature to eliminate sulphur still better and 
to give a better fused cake. 

The well desulphurized but crumbly sinter containing about 0.7 per 
cent of sulphur smelts in the blast furnace much more slowly than sinter 
that contains 1.5 per cent or a little more of sulphur. The more sul- 
phurous material is said to be of better quality; that is, it is harder and in 
larger pieces. With a charge composed entirely of sinter of good quality, 
most of the problems of the lead-smelting operations proper resolve them- 
selves into a study of the even distribution of coke and still larger volumes 
of air to the blast furnace. 

The fusible nature of lead compounds limits the richness of the feed 
that can be desulphurized successfully. The richest feed that was suc- 
cessfully sintered contained 56 per cent of lead. The operation of sinter- 
ing, then, fixes at present the limit on the richness of the concentrate that 
can be handled in the usual scheme of treating ores by mechanical con- 
centration, sintering and smelting, without diluting any of the con- 
centrates made. The percentage of sulphur in the sinter cake increased 
at a roughly uniform rate from 0.7 to 3.5 per cent, as the lead content of 
the sinter increased from some 47 to 56 per cent. 


GENERAL CHEMISTRY OF SMELTING IN THE Buast FURNACE 


The reducing power of the blast-furnace gases might be considered in 
terms of producer-gas reaction, COz + C = 2CO. The rate of reduction 
of oxides with solid carbon is relatively slow; therefore the combination of 
carbon with atmospheric oxygen would be important chiefly for its heat- 
making properties and the production of carbonaceous gases. ‘The con- 
centration of carbon monoxide in the above equilibrium increases sharply 
from some 10 per cent at 550° C. to about 90 per cent at 800°. Practically 
all blast-furnace slags must be heated above 1000° C. to melt them. At 
this temperature the carbonaceous gases in contact with an excess of 
coke are almost entirely carbon monoxide. When air is blown into a bed 
of fine coke alone on a grate using natural draft, the oxygen penetrates 
some 3 or 4 in. into the bed of coke before being transformed entirely to 
carbonaceous plus inert gases. With a high blast pressure, say of 20 lb. 
or less, as in the iron blast furnace, the oxygen may penetrate some 
30 in. into the charge column, with its relatively coarse coke and ore. 
Possibly some of the coke is blown away from the tuyeres mechanically, 
and some time is also needed to heat the air to reaction temperature. 
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There are, then, three zones of combustion in the iron blast furnace—a 
somewhat pear-shaped zone in which oxygen is not entirely absent, a 
zone that contains mixed carbon monoxide and dioxide and, as the column 
of coke is penetrated farther, a zone that contains only carbon monoxide 
and inert gases. In the iron blast furnace there is about 40 per cent of 
coke to the rest of the charge, and in the lead blast furnaces examined less 
than 14 per cent. 

In studying the rate of combustion in the lead blast furnace there 
comes up at once the matter of the irregular arrival of coke at the tuyere 
zone, and the irregularity in the volume of air coming in through the 
tuyeres, as well as the composition of the solid charge to be reduced and 
smelted. For the relative volumes concerned it may be noted that 
about three tons of slag was made per ton of lead at Tooele and one ton of 
lead per ton of slag at Kellogg. About 0.5 ton of slag is made per ton of 
iron in the iron blast furnace. The relative volumes of the oxidized 
ingredients of the charges and coke, the light weight of the coke, and its 
great volume, are to be noted. Thus in an iron blast furnace the charge 
after mixing appears to be chiefly coke; the corresponding lead blast- 
furnace charge appears to be chiefly sinter. 

When any gas within a furnace contains more than the percentage of 
nitrogen in the air (79.2 parts of nitrogen against 20.8 parts of oxygen), 
oxygen is being extracted from the blast by some of the metallic 
ingredients of the charge. The maximum concentration of carbon 
monoxide that can result from burning carbon with air alone is attained 
when the 20.8 parts of oxygen go to twice that number of volumes of 
carbon monoxide. This would give (20.8 X 2)/(20.8 X 2+ 79.2) = 
34.4 per cent of carbon monoxide. By difference, 65.6 parts of nitrogen 
would be present in such a gas. Should any gas contain less than this 
proportion of nitrogen, it is taking up oxygen from the solid ingredients of 
the charge. ; 

In regard to the solid constituents of the charge, the blast furnace 
handling raw feed will, of course, have to perform many of those pre- 
liminary functions of dehydration, removal of carbon dioxide, some oxygen 
and sulphur, and also part of the slagging operations themselves, that are 
done elsewhere on the sintering machines. Where a blast furnace is 
smelting what may be called “‘slag sinter’’ (that is, all the sinter is as a 
slag instead of a poorly consolidated conglomerate, such as material that 
has only been given an oxidizing roast appears) the blast furnace has little 
more to do than melt the charge and to liquate the metallic lead from the 
molten slag. The iron in well prepared sinter is largely in the ferrous 
state—it was found difficult to determine by wet methods just what por- 
tion of the iron was in the ferric state, although the point is of considerable 
importance. For the reduction of the lead itself, Table 5 gives a general 
picture of the compounds present. 
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TaBLE 5.—Lead Compounds in Sinter of Final Roast 


Percentage of Total Lead as 


Total Lead 
 sagy che 
er lent Metal Oxide | Sulphide | Silicate 
Nellore tar. Hevaiye. das, fees «las 46 .2 9.3 58.5 24.4 7.8 
PITS pate. bate cnc, «wkd asses densa cbeaene 37 .6 ste 66.0 16.9 9.4 


In a special Kellogg sinter prepared with coke, 75 per cent of the total 
lead was present as metal, 8.3 as silicate plus oxide, and 16.7 as sulphide. 

As will be noted later, the zinc that is not volatilized is largely carried 
out in the slag as zine oxide in solution in ferrous silicate. The zinc, then, 
is in the same form as it was in the sinter, if the sinter was a true slag, 
except possibly some zinc that entered the furnace either as a sulphate or 
sulphide. For the form of combination of sulphur in well roasted sinter 
cake, at Kellogg it was found that about 0.1 to 0.4 per cent of sulphur 
was combined as lead sulphate, 0.4 to 0.6 per cent as calcium sulphate, 
and around one per cent largely as lead sulphide. The lead sulphide was 
dispersed through the sinter cake so finely that it could not be identified 
with the microscope. Except the larger pieces of limestone, the lime in 
the charge is the oxide or combined with silica. 

For the amount of reduction necessary in the blast furnace, the litera- 
ture shows that oxidized lead compounds are reduced by carbon monoxide 
to metals at a few hundred degrees centigrade: 650° C. was the tempera- 
ture given for the most fusible of the silicates. If necessary to replace 
lead from its sulphide combination with metallic iron, it may be noted 
that at 1000° C., 70 per cent CO and 30 per cent CO, are in equilibrium 
FeO and Fe. Where scrap iron is added as standard practice, it would not 
be necessary to reduce iron to the metallic state intheblastfurnace. Thus 
for the reducing power of carbon monoxide on zine oxide at 1027° C., 
15.9 per cent CO, and 68.1 per cent CO are in equilibrium with zinc vapor 
at a total pressure of one atmosphere. At 1327 °C, the figures are 40.2 per 
cent COs and 19.6 per cent CO. (The pressure of the zinc vapor in both 
cases was the same as that of the carbon dioxide.) At the equilibrium 
conditions between 1000° and 1400° C. (the temperature range usually 
obtaining at the smelting zone) the lead, zinc, and iron oxides in the charge 
would metallize, provided that these were sufficiently freed from combina- 
tion with other radicals. 

The conditions actually obtaining within the blast furnace were found 
to be more a function of rates as determined by the various variables of 
operation than of equilibrium conditions. In considering the samples 
of gases taken from the tuyeres it should be remembered that these were 
taken through 1¢-in. water-cooled sampling pipes, and that during this 
time coke, gas, and charge were moving past the pipe at varying rates 
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of speed. The samples taken are then composites of a large number of 
samples during varying operating conditions, although they were taken 
during a short interval. 

When the experimental data were gathered, the smelter at Tooele had 
75 per cent of sinter on its charge containing about 24 per cent of lead, 
Kellogg 85 per cent of sinter containing 45 per cent of lead, and Trail 
about 85 per cent of sinter containing 37 per cent of lead. 


EXPERIMENTAL DATA ON CONDITIONS OBTAINING IN THE LEAD 
Buast FURNACE 


The data in Table 6 give the average compositions of gases obtaining 
on a vertical plane, taken midway between the side walls of the blast 
furnace at the tuyeres and at the top of the charge. They may be com- 
pared with what has been said as to the compositions of gases obtaining 
under conditions of equilibrium, particularly the ratios between the 
quantities of carbon monoxide and dioxide present. 


TaBLE 6.—Average Analyses of Samples Taken at Vertical 
Plane Midway between Side Walls of Furnace 


Percentage Analyses of Gases and Total Oxygen Equivalent, 
Total Oxy- Per Cent 
gen‘ from 

Charge 


Volumes O2¢ 
Extracted 
Zinc |from Charge 
Plant ee Top Tuyeres 


Top] Tuyere|} Top} Tuyere 


COs] CO} Oa] Nz | T2814) cos! CO | O2| Nz | Tota! 


Tralloas 18.0 |4.4> 2.4 118.5) 11.3 {17.2) 5.1/4.0/73.7| 23.8 |10.5/13.8/3.9/71.8] 21.3 
Kellogg. 9.5 |6.3 10.3 /25.3) 39.7 |18.2) 8.4/2.5/70.9) 24.9 |11.5/28.7/0.1/59.7] 26.0 
Tooele... 5.5 |6.6 19.2 |27.7| 59.9 |12.0/21.6/1.0/65.4) 23.8 |12.5/38.0/0.6/48.9] 32.1 


@ Volumes equivalent Oz extracted from charge per 100 volumes of gas at top and tuyeres. 

> Sample calculation: Analysis of top gas and ‘‘total equivalent oxygen’’ are given. Neglecting 
nitrogen (less than one per cent) in coke, the volume of oxygen in air (20.8 per cent O2 and 79.2 per cent . 
Ne) combined with the 73.7 volumes of nitrogen in the top gas is then 20.8/79.2 X 73.7 or 19.4. The 
difference between the 23.8 volumes of ‘‘equivalent oxygen”’ present and 19.4 volumes derived from air, 
or 4.4 volumes of Oz were then extracted from the charge. 


¢ Percentage of total equivalent oxygen in gas at top and tuyeres derived from charge. Total 
equivalent oxygen = volumes oxygen needed to form volumes of all gases, or percentages by volume 
CO2 + O2 + CO. (Hydrogen and SO: disregarded.) 

4 Total O2 equivalents. 


Across the furnace from one tuyere to the other, at the tuyere zone 
conditions differ greatly at the various lead smelters, and these in turn 
differ from conditions in iron blast furnaces. It may be said for all lead 
smelters that there is no zone of coke at the tuyeres large enough to 
prevent completely the presence of carbon dioxide, although at times the 
percentage of carbon monoxide may be rather high. In general, there is 


even a little oxygen present. The tuyere zone at Tooele most closely 
approximated that of the iron blast furnace. Running in from the tuyeres 
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there was a zone in which oxygen was being consumed rapidly, and then 
a fairly loose zone was encountered in which molten ingredients of the 
charge were flowing freely. A third zone was next met in which there 
was a considerable accumulation of coke and a much smaller portion of 
free-flowing molten charge. The carbon monoxide in this last zone was 
fairly rich. 

At Kellogg there was usually a thicker accumulation of semiplastic 
charge near the sides of the furnace, and the total smelting area was 
usually 25 to 60 per cent of the whole area at the tuyere zone. This 
smelting area was exceedingly irregular and also contained various 
“islands” of unfused material. The openings through this semiplastic 
area near the side walls of the furnace acted as prolongations of the 
tuyeres themselves and served only to preheat the blast; in fact, consider- 
able lead was burned by the air stream in traversing this area. After 
the air had passed this semiplastic area, the change to a gas containing 
high percentages (some 80) of carbon monoxide was at times abrupt. On 
one sample it was estimated that over 90 per cent of the total equivalent 
oxygen present had come from the solid charge, in contrast to the fact 
that oxygen was being extracted from the blast while it traversed the 
plastic portion of the charge near the side walls. 

At Trail, as at Tooele, there was also considerable oxidizing of the 
charge near the side walls of the furnace, and then a reducing zone nearer 
the center line. It was noteworthy at Trail that the composition of the 
gases at the tuyere zone was about the same with 10 or even 16 per cent 
of coke on the charge. During the experiment more than one furnace 
was always running, and these were connected with a simple direct header. 
With the greater percentage of coke, a more open charge column was 
obtained and more air passed through the furnace. To make statements 
on the composition of the gases as a function of the amount of coke added, 
the amount of either coke or air would have to remain constant. At 
Tooele, oxygen was nearly always extracted from the charge and only 
occasionally was the percentage of nitrogen in samples taken greater 
than that.in air. To make suggestions as to relative speeds of reaction 
in the furnaces one should consider the volumes of gases reacting, as well 
as their noted analyses. 

The extreme temperatures at the tuyere zones at all three plants 
showed about the same range—from about 1000° to 1400° C. The 
average temperatures, however, varied considerably, as did the point of 
the maximum temperature at the central plane of the tuyere zone. At 
both Trail and Kellogg, with their higher percentages of sinter, the maxi- 
mum temperatures at this place might be anywhere from near the slag 
tap to the back of the furnace. At Tooele, the temperature was highest 
towards the slag-tap end of the furnace and dropped from some 1360° 
to 1040° C. at the back. The corresponding rate of smelting as measured 
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by the rate of subsidence of the charge was at the maximum where the 
temperature was highest. The blast pressures at the three plants are 
shown in Table 8. It is to be remembered that the pressure is more a 
measure of the resistance of the charge column than of the volume of air 
put through. The volume of air blown into the furnaces as measured by 
the revolutions of the blowers was about constant at all plants—5000 cu. 
ft. per minute. At Kellogg, 7500 cu. ft. was used at times, and it is also 
possible that at Tooele when operating only one blast furnace the volume 
of air was considerably higher than when two furnaces were operated 
from the same main. 

The volume of air through the various tuyeres was measured for only 
one plant—Kellogg. The volume of air through any one tuyere when 
not entirely plugged varied from 130 to 600 cu. ft. per minute. Punching 
the tuyeres made but surprisingly little difference upon the volume of air 
admitted to the furnace. The same was true of the other ordinary 
variables of operation. During a period of about 14 hr. the volume 
through any one tuyere not entirely closed usually varied only a few per 
cent. Over a period of a few days this volume might vary several times. 
In other words, the amount of air passing through any given tuyere was 
more a function of the porosity of the charge above the tuyere level than 
it was of the degree to which the tuyere itself was open. 

At the time of the experiment, the smelter at Tooele used the least 
sinter on the charge, somewhat more coarse limerock, and also scrap iron 
in relatively large pieces, all of which would make for irregularities in 
rates of smelting. It has been mentioned that the smelting was most 
rapid at Tooele towards the slag tap and where the temperatures were 
highest. The slag taken from the various tuyeres also showed marked 
differences, each composition depending upon the temperature obtaining. 
Thus at the hottest zone of the furnace the slags were richest in lime. 
The form of combination of lead in the slag from each tuyere, however, 
differed not only with the temperature obtaining at that tuyere but also 
with the speed of smelting. The percentage of carbon monoxide at any 
given tuyere, like the rate of smelting, increased with the temperature. 
Where the charge flowed most rapidly past the tuyere zone, toward the 
center of the furnace, the amount of lead in the silicate form increased 
greatly. Although the percentage of carbon monoxide present was great 
and that required to reduce lead silicate under equilibrium conditions is 
low, considerable time is needed for the reduction of lead silicate. As will 
be noted later, when the capacity of a blast furnace is speeded up, there is 
often an increase in the amount of lead in the slag in the silicate form. 
Another result of varying temperatures at the tuyere zone was that on 
tapping slags there was a marked lowering in the carbon monoxide con- 
tent of gases taken from the tuyeres near the slag tap. The removal 
of a large volume of hot slag in a short time lowered the temperature 
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and caused corresponding changes in the composition of the carbo- 
naceous gases. 
Top GASES FROM THE Leap Biast FURNACE 


The detailed data on gases from 21 equally spaced areas on the sur- 
faces of the charges at the three smelters were averaged, assuming that 
the gases came up through the charge at a uniform rate (Table 7). (This 


Tasie 7.—Analysis of Top Gas at Certain Heights above Tuyeres 


Analysis of Top Gases, 


Per Cent by Volume Height of 
Plant ae Se aN ees 
CO: 0: co Per Cent Tuyeres, Ft. 
AiG, AaS See Se eee oe tomo ies 19e2 ee seo aves) 15 
KEN OP Erte: ate eh ene 14.3 2.2 PE Seah Qhoxton 2 9 
"arallme ste tet ate « he stooee ates: 15.9 4.8 5 a 10 to 11 13 


2 At Tooele more COQ: is calcined from raw limerock fed to furnaces. 


is not a true assumption because the gases come off in largest volumes 
from near the center of the furnace and these gases are poorest in oxygen. 
All furnaces have about the same variables in operation, however, so 
the averaged figures are roughly comparable.) 

The greater reducing power of the gases in the tuyere zone at Tooele 
over those at Kellogg and Trail persists to the top gases. Table 6 gives 
some approximations showing the percentages of oxygen removed from 
the charge at the three smelters, and particularly the effect of 
large amounts of zinc in the charge upon the percentage of the oxygen 
burned by the solid ingredients of the charge. When zinc burns at 
the tuyeres, the zone of greatest reduction tends to move higher up the 
shaft of the furnace, and the greater the percentage of the zinc in the 
charge, the greater the tendency to reduce to metal. Thus it is found, in 
the furnace for volatilizing zinc from slags at Trail, that the zinc volatilizes 
at an approximately even rate from slags containing 17 to 7 per cent of 
zinc, after which the rate slows down greatly. With the weaker condi- 
tions for reducing and volatilizing in the blast furnace, the slags can con- 
tain more zinc before the rate of volatilization becomes appreciable. 

The average temperature of the gases at the top of the furnace does 
not have much significance, since the temperatures vary from 100° or so 
to those obtained at the tuyere zone. The hottest spots, of course, carry 
far more than their proportion of dust. The furnace with the hottest top 
tends towards making the greatest amount of dust (Table 8). It seems 
probable that more flue dust would be made at Trail if the charge column 
were as short as that at Kellogg. As the figures stand, however, the 
amounts of flue dust made are greatest where the temperatures of the top 


gases are the highest. 
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TABLE 8.—Dust Made and Top Temperatures 


Charge Column Size of Furnace, In. Air Used 
rhb 
Plant an Fe Average ; a Pisce App ones. 
nace Dey Pre eee eee ates Socton ra Cu. Ft. pe 
face, Deg. C. s Min. 
Tooele...... 1d 159 15 |54 X 180/80 x 180] 42 5000 
Trails sacar. 9.8 298 13 |48 xX 180| 84 x 180| 36 5000 
Kellogg..... uO 507 9 |48 < 180/80 x 180} 24 5000-7500 


In smelting pyritic copper ores in the blast furnace, the attempt was 
made to use the furnace in part as a blast roaster, and to utilize in smelting 
the charge the heat evolved from burning the sulphides at the tuyere zone, 
so that it would be necessary to use as little coke as possible. (Coke was 
probably needed more to furnish carbon monoxide to reduce Fe30,4 
at a low temperature than to furnish heat units.) By diminishing the 
percentage of coke on the charge, the lead blast furnace also may be made 
in part to act as a blast roaster, although the percentage of the sulphur 
burned at the tuyere zone will be considerably a function of the percentage 
of the sulphur in the charge (Table 9). It is suggestive to contemplate to 


TABLE 9.—Removal of SO2 in the Lead Blast Furnace 


, Usual Approximate Per- 
Approximate SO2 Cekann centage of Total 
Plant Content of Top Charee, Sulphur in Feed Remarks 
Gas, Per Cent Pen Cont Esmoved by Binst 
Tooele... .. 0.005 to 0.018 ee) Small Matte made. 
Kellogg..... 0.08 to 6.057} 9.5 to 12 | About 34 O2 low midway between 
tuyeres; elsewhere high. 
fits arenes: 0.018 to 1.22 10 to 11 | About % Lowest percentage of 
sulphide sulphur in feed. 


* Average about 1.5. 


what extent the blast furnace could be used as blast roaster with lead as 
well as with more infusible copper ores. The experience of those using 
the Scotch hearth would indicate that among the problems would be to 
operate the furnace with a cool top to avoid excessive losses by volatiliza- 
tion, and to get air through a charge fused to varying degrees. 


ACCRETIONS 


The amounts of sulphur and coke present in the blast-furnace charge 
and quantity of matte made determine the amount of formation of the 
more troublesome, deeply seated variety of accretions. 

A furnace using a low percentage of coke has been seen to act partly as 
a blast roaster and also to have a smaller free-smelting area at the tuyere 
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zone. The semiplastic materials surrounding the sides of the free tuyere 
zones under these conditions may consist rather largely of constituents of 
the charge. In the furnace containing more sulphides and using more 
coke, these accretions will be largely sulphides. In their extension 
upward towards the top of the smelting column, the accretions will still 
contain sulphides, although as the temperature drops these will be 
infiltrated to some extent by the more fusible constituents of the charge. 
The length of a furnace campaign is usually governed by the rate of 
accumulation of sulphide accretions in the crucible, these building down- 
ward from the surface of the lead bath. When the connecting channel 
between the lead well and the molten charge within the blast furnace can 
no longer be maintained without an excessive amount of labor, the furnace 
is closed down and the crucible is cleaned. The sulphides of copper and 
of zinc are particularly effective in forming accretions. Lead sulphide is 
also found. The deeper seated accretions somewhat above the tuyeres 
are also sometimes effective in blocking off supplies of coke to the tuyere 
zone. They thus exaggerate those fluctuations of temperature that cause 
them to be formed in the first place. 

With less sulphur and coke in the charge, a different type of accretion 
is formed, largely by material that is volatilized or carried in the gas 
stream from the lower portion of the furnace, and gathers to form accumu- 
lations on the side of the furnace near the top of the charge. Such 
accretions, when not too badly fused by being penetrated by blowholes, 
are usually comparatively easy to bar off. When the lowerings or fluctua- 
tions in temperature cause the volatile material from the bottom part of 
the furnace to condense in the charge, the charge is made less porous, less 
gas can penetrate, and the rate of smelting is slower. Then, when the 
coke at the tuyere burns out, a cavity may be formed. In time, part of 
the roof burns out, the gas escapes, so the supporting pressure is less and 
there is also less support for the arch against the side walls of the shaft. 
When the arch plus the pressure of the gases will no longer support the 
charge, it drops. On dropping, many new gas channels are formed; 
the rate at which coke is burned increases as smelting conditions and 
capacity approach normal. These phenomena are of varying degrees of 
magnitude and may be regarded as a normal part of lead blast- 
furnace operations. 

It was recommended that a wider area at the tuyere zone probably 
would allow a larger amount of coke to accumulate, cause more regular 
blast-furnace operation, and also make it easier to break arches from the 
sides of the furnace. 


SLAGS 


Theer are many data on the composition of slags versus their lead 
content. In general, the metallurgist smelts what he has, and it is often 
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not profitable to add barren diluents to the blast furnace to adjust slag 
compositions alone. Limestone is one of the few such components added, 
and this usually is added to the sintering machines partly to increase the 
porosity of the cake. It has been said that the limits of the richness of 
the charge to the blast furnace are governed by the richness and conse- 
quent, fusibility of the charge that it is possible to sinter. (As far as 
known, no one sinters a charge containing over 56 per cent of lead as 
PbS, and some men do not like to exceed 43 per cent.) In some plants 
inert diluents are added to lower the percentage of lead in the sinter cakes. 
The zine content of a charge without inert diluents may be large enough 
to make feasible the volatilization of zinc, and the addition of slag- 
forming diluents may make the operation unprofitable. The rich lead 
content of highly zinciferous slag has been one of the chief deterrents 
to making slag of this type. Table 10 gives the approximate composition 
of slags. 


TaBLE 10.—A pproximate Composition of Lead Blast-furnace Slags 


Percentages 
Plant 
Pb Zn SiO. | FeO s CaO | MnO Al2Os3 MgO 
TOOCLGciedoshersin: 0.9 5.5} 35.4! 32.0) 1.2 | 20.2) 1.0 | Not deter-| Not deter- 


mined mined 
6.6 14S 
yay 4 152 


bcisvn.o aoe : a 14.0) 3.2 
; 8 7.8) 1.3 


6] 23.5} 33.6) 1.6 
OR a a .0} 18.7) 37.2) 1.4 


PERCENTAGE OF ToTaL LEAD IN SLAG AS 


Metal Sulphide Silicate 
TGOGlerr ty Sa eens RR RO et oe ee aa 14.7 61.0 24.3 
Kellogg «eke cat ae he an, ctarsPtlce Ake SINS ORLA eR Ue 71.4 21.4 
LEAD piers te ceneatic Veep vat sf cca cle fax eben ye, dank toes 55.0 17.5 27.5 


In general, if the slag becomes richer in lead content at Kellogg the 
percentage of the lead present as the sulphide increases. At Trail the 
percentage of metallic lead increases; over 70 per cent of the lead in some 
dirty slags was present as metal. It is difficult to make a comparison with 
Tooele because at this plant considerable matte is usually made as a 
routine matter. With the matte well settled out, the quantity of lead ina 
slag over the normal content would probably occur mostly in the sili- 
cate form. 

With the forms of:the lead content of slags in mind, reasons can be 
seen for the relative effectiveness of various methods of decreasing losses 
of the metal. Thus at Trail, with the lead content of slags already largely 
in the metallic form, the addition of coke often gives but little assistance. 


G. L. OLDRIGHT AND VIRGIL MILLER 103 


It is frequently found more effective to add silica than to add coke. 
Removal of sulphide lead from the slag by the addition of coke is slow and 
tedious, although coke is an effective reducer for lead in the silicate form. 

Some incomplete experiments were performed to determine why the 
lead in the metallic form at Trail would not settle out of the slag. Spinels, 
which may be dispersers of metallic lead, were settled out from large 
amounts of blast-furnace slags kept molten in a small reverberatory 
furnace. As nearly as could be told from rough measurements and 
chemical computations, some 9 per cent of the total weight of the blast- 
furnace slag at Trail occurred as spinels. On the basis of rough estimates, 
some 7 per cent of the zinc in the slag is in the form of spinels. The 
spinels contained about 57 per cent of magnetite, 30 per cent of zine alu- 
minate, and 13 per cent of zinc ferrite. The great bulk of the zinc in the 
slag very likely occurs as oxide dissolved in fayalite, 2FeO.SiO2. In 
general, when the conditions were more reducing, there was less ferric iron, 
more sulphur and less lead in the slag. The first of the lead metallized is 
much purer, except that it is enriched in precious metals and bismuth. 
At Trail, some of the lead prills taken from slags contained 2.9 per cent of 
antimony, while the average amount of antimony in the bullion was about 
0.8 per cent. It could not be proved, however, that antimonial products 
dispersed lead. It is well known that lead sulphide will disperse metallic 
lead through metallic copper, in which otherwise it is quite insoluble. 
There may be some critical sulphide and other content at which lead is 
dispersed through slags, but such points were not proved. 

Others have found that the time of residence within the furnace 
affects the lead content of slags. When the volume and distance between 
the slag tap and the tuyeres were increased at Port Pirie, South Australia, 
it was possible to lower the lead content from some 2.1 to 1.2 per cent. 
The time of residence of slag within the furnace at Trail, however, made 
little difference. 


MernHop or LOADING AND CAPACITY OF BLAST FURNACE 


Within the usual limits of operation of the lead smelter, the quality of 
the sinter is the largest single factor governing the capacity. Thus, at 
Trail over 200 charges (about 300 tons) of charge per blast-furnace day 
were smelted during a period measured when the furnace had “quality 
sinter” that was well fused and hard, and would support the weight of the 
column. Within a considerable range of variation, the constituents of the 
charge had no notable effect upon the capacity at this time. The slag- 
forming constituents had the following range: Fe, 28.2 to 30.6; S10», 
18.5 to 20.6; Zn, 15.7 to 18.5; CaO, 7.4 to 9.0; Pb. 2.5 to 5.2; and sulphur 
in the sinter, 1.2 to 2 per cent. Accumulations of sulphides as accretions 
in the blast furnace lower the capacity of the furnace and by hindering the 
passage of coke cause lead loss in slags. 
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The furnaces smelting rich lead charges at Kellogg have long been 
noted for their great capacity, having made over 200 tons of lead bullion 
per day and about the same amount of slag. It is true that if lead is 
present in the sinter in the metallic form it has a low melting point, 
327° C., so little time would be required to reduce or melt it. (To reduce 
lead silicate, it is necessary to increase the quantity of coke and thus to 
diminish the rate of the smelting so that the slowly reducible lead com- 
pounds will descend slowly in thin streams through the incandescent 
coke.) However, too much metallic lead makes the charge column soggy 
and difficult to penetrate by the blast, and it would appear that large 
volumes of metallic lead running over the surface of the coke would 
obscure its surface and cut down the rate of burning. Such actions would 
diminish the capacity of the blast furnace; it seems doubtful, then, that 
the rates of smelting of lead blast furnaces are to be compared on their 
rates of making slag alone. 

It has been noted at several smelters that when the rate of smelting 
is high the temperature of the slag is comparatively low, whereas the 
temperature of the bullion issuing from the lead is comparatively high. 
At Tooele, the average temperature of the slag on tapping is about 
1200° C. and of the lead 900°; at Kellogg, 1110° and 950° C., respectively, 
and at Trail, 1150° and 900° C. When the slag is colder than usual and 
the bullion hotter, this means that the material was reduced higher up 
the shaft, that the slag has been somewhat cooled by the incoming air 
and that the bullion has been longer in contact with the hot slag. Charg- 
ing the coke so that it formed layers in a Kellogg blast furnace, resulted 
in less lead in the slag, but the output of the blast furnace was somewhat 
lower—more of the coke seemingly arrived at the tuyere zone and gave 
a more reducing atmosphere there. 

It has been mentioned that the rate of burning of coke is one of the 
main factors governing the rate of smelting. At Port Pirie coke of certain 
porosity burned fastest and gave the fastest rate of smelting. At Trail 
there was no difference in the rate of smelting when coke ‘“‘had a porosity ”’ 
of 42 to 45 and contained 81 to 82 per cent of fixed carbon, and 
when the coke had a porosity of 50 to 51 and contained 84 to 85 
per cent of fixed carbon. (The “porosity”? was determined by the 
Illingworth method.) 

It has been noted that rate of flow of air through the tuyeres is very 
irregular—from 130 to 600 cu. ft. per minute as long as the tuyeres are 
not completely closed; also that the temperatures vary from a few hun- 
dred degrees centigrade to 1400° and over. In keeping with these 
fluctuations, the composition of the gases at the tuyere zone has varied 
from that of air to a gas containing over 80 per cent of carbon monoxide. 
This pointed to the irregular arrival of coke as well as to the irregular 
arrival of air at the tuyeres. The matter of maintaining the correct 


G. L. OLDRIGHT AND VIRGIL MILLER 105 


balance between the amount of air blown into the furnace and the amount 
of coke arriving at the tuyeres is then very important. 

It is, then, evident that much of the careful work done in preparing a 
charge of constant composition for the lead blast furnace is likely to be 
spoiled from the aspect of irregularities in smelting, by the fact there may 
be large areas within the blast furnace without any coke. It would 
seem that with more of the charge now composed of sinter less attention 
is being paid in many plants to methods of charging the blast furnace. 
It has shown by direct experimentation that if there are no properly 
placed baffles to guide the falling charge, it may come to rest in such a 
way that large areas of sinter are left without coke. Charges were actu- 
ally dropped into blast furnaces and then carefully removed and sampled 
by hand to determine the correct position of the baffles to distribute the 
coke better. The proper method of charging, whether the charge is all 
sinter or not, is determined by the same old fundamental principle that 
to obtain a uniform rate of flow of the ascending gases, the finer ingre- 
dients of the charge should be next to the blast-furnace walls and the 
coarser toward the center. The precise position of baffle plates by which 
this result was brought about at the Trail plant is given in R.I. 3246. It 
is to be emphasized that other smelters having different charges and 
methods of charging should by direct experimental methods determine to 
what extent the coke is being mixed in uniform amounts in vertical section 
of the blast furnace and to what extent large vertical areas of charge are 
being left with but little coke or with an excess of coke. 

The important thing is to distribute coke uniformly to each vertical 
section and to have the ratio between the amount of coke and air supplied 
at the tuyeres a constant. Since the area of the tuyere opening is that 
of a punch bar of a given diameter, there is no need for a free opening 
larger than the diameter of the largest bar that can be conveniently used. 
From the basis of even distribution of the air and coke, then, it would 
seem that there should be more tuyeres. This in turn should permit a 
larger volume of air to enter the furnace, to come into closer contact with 
the coke, and consequently to smelt more charge. This practice of 
increasing the number of tuyeres and reducing their size, together with 
a slightly wider furnace, has resulted in more efficient operation and 
increased capacity at the Trail plant. These innovations are being 
incorporated in a new lead blast furnace at Kellogg. 


Lead Smelting in the Federal Improved Mechanical 
Ore Hearth 


Byplit de BUCK 


Leap smelting in the ore hearth, first practiced in Europe, whence the 
traditional name ‘“‘Scotch hearth,” and later developed in America to its 
present efficiency, is based upon the roast reduction process and is appli- 
cable to relatively high-grade galena concentrates. 

The roast reduction process embraces not only the roast reactions: 


2PbS + 70 = PbO + PbSO; + SOz 
PbS + 2PbO = 3Pb + SOz 
PbS + 2PbSO,4 = Pb + 2PbO + 3802 


but also, by reason of the addition of extraneous fuel, the reduction 
reaction: 


2PbO + C = 2Pb + COz 


Thus in the ore hearth the roasting of lead sulphide, forming lead oxide 
and lead sulphate, the reaction of lead oxide and lead sulphate with lead 
sulphide producing lead, and the reduction of lead oxide by carbon produc- 
ing lead, go on simultaneously. 


Tue Ore HEARTH 


Function of the Ore Hearth.—The ore hearth, through the roast reduc- 
tion process, provides for the extraction of lead and the immediate dis- 
posal of the smelting products—fume, hearth slag and lead, all of which 
are subsequently treated as follows: the fume is recovered in the flue 
system and baghouses, mixed with concentrates, and returned to the ore 
hearth in the form of ore mix; the hearth slag is smelted in a blast furnace 
for the further recovery of lead; and the lead is refined and cast into a 
marketable product. ; 

Concentrates Amenable to Ore-hearth Smelting —Only concentrates 
that are high in lead content, 70 per cent or more, are ordinarily considered 
amenable to ore-hearth smelting. 

Silica should not exceed 2 per cent and iron is allowable only to 4 per 
cent. These slag-forming constituents occlude both sulphide and metallic 
lead, prevent the elimination of sulphur and decrease the lead extraction. 

Lime and magnesia are beneficial in that both favor a dry slag, pro- 
mote elimination of sulphur, and prevent occlusions of metallic lead.: 

Manuscript received at the office of the Institute July 20, 1936. 
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Fluorspar is objectionable, its action being opposite to that of lime, 
in that it produces a fluid slag. Under certain conditions this con- 
stituent, on account of its low fusion point, may prevent treatment 
in the ore hearth. 

Zine may be successfully treated up to 4 per cent or possibly 5 per 
cent. This maximum is manifest in the difficulties arising in the sub- 
sequent blast-furnace smelting of the resultant hearth slag in which, 
with the attendant sulphur, the zinc content has been increased approxi- 
mately fourfold. 

Copper may be present up to 2 per cent; however, the formation of 
matte not only produces a “sticky” condition in the charge but also 
causes accretions. 

Fuel.—Coke breeze, relatively cheap and of high fixed carbon content, 
is the most suitable fuel, as it fulfills the necessary requirements: low ash, 
producing a minimum amount of slag; proper size, approximating that 
of the charge and preventing segregation ; and low volatile matter, tending 
to prevent excessive flue temperatures. When coke breeze is not avail- 
able or is prohibitive on account of the cost, coal may be used, but precau- 
tions must be taken to assure proper baghouse temperatures. 

Salient Features of Ore-hearth Smelting.—In a single operation, the 
ore hearth not only extracts an average of 60 per cent of the lead from the 
ore mix, which includes the fume returned, or, in terms of new material 
smelted, yields approximately 80 per cent lead extraction; it also pro- 
duces a hearth slag, approximately 15 per cent of the ore mix charged, that 
is low in sulphur and properly agglomerated for blast-furnace smelting. 

Although ore-hearth smelting is conducive to a relatively high produc- 
tion of fume, approximately 35 per cent of the ore mix charged, through 
proper baghouse equipment there obtains a high percentage recovery of 
the dust, in which the sulphur is practically entirely present in the form of 
lead sulphate, which, when mixed with the concentrates and returned to the 
ore hearth in the form of ore mix, hastens the roast reactions to such an 
extent that the ore hearth handles its own dust burden without loss in 
the capacity of original materials treated. 


Tur Moprern ORE HEARTH 


Figs. 1 and 2 show the important details of the basin, apron and jackets, 
and the general arrangement of the ore hearth with the machine omitted. 

The cast-iron basin, average thickness 2 in., is 8 ft. long, 20 in. wide, 
and 10 in. deep; conveniently supported so that the top is level and 26 in. 
above the working floor. The back and ends of the basin are vertical, 
and are flanged at the top. At the right end of the basin, 3% in. from 
the back, there is a 2-in. lead spout. The bottom of the basin is hori- 
zontal through 10 in., one-half of the distance from back to front, while 
the front half slopes up at approximately 45° to the lip of the basin, which 
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is 1 in. below the level of the ends and back. The front of the casting 
slopes slightly down and forward from the lip forming the back, or start, 
of the apron. The apron proper, made of 1-in. cast iron, is fastened, by 
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Fig. 1—GENERAL ARRANGEMENT OF MODERN ORE HEARTH. 
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FRONT ELEVATION OF BASIN, APRON AND JACKETS 
Fie. 2.—PLAN AND ELEVATIONS, MODERN ORE HEARTH. 


an offset and countersunk bolts, to the front flange of the basin; extends 


forward 2214 in. from the lip of the basin, with a total down pitch of 4 in., 
and is beaded along the front. 
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A cast-iron water jacket, 18 in. high, 414 in. thick, and 8 ft. 9 in. long, 
so as to extend 414 in. past the inside ends of the basin, is supported by 
the flanged top of the back of the basin, and forms the back of the hearth. 
Three 2-in. wrought-iron pipes, with suitable fittings, provide the water 
space, and are integral with the casting. The back water jacket is cored 
to accommodate the tuyeres. The right side of the hearth is a similar 
jacket 18 in. high, which terminates on a line even with the lip of the 
basin. A 9-in. extension housing, bolted to the back jacket, serves as the 
left side of the hearth. It is made of 1-in. cast iron, and the bottom con- 
forms to a continuation of the top of the basin and the adjacent 10 in. 
of the apron. 

There are sixteen 1l-in. tuyeres, at 6-in. centers, located 11346 in. 
above the top of the basin, pitching slightly downward through the back 
jacket. The tuyere pipes lead from a wind box, made of 5-in. wrought- 
iron pipe, which has connections at each end to a 12-in. blast main; both 
connections are provided with 5-in. gate valves. 

A steel hood, supported by steel framework, rests on the top of the 
back and right jackets, and is fastened to the top of the extension housing. 
The front of the hood extends down 8 in. over the front, or working face, 
of the hearth, and vertically is 11 in. above the lip of the basin. This, the 
main hood, is connected to a balloon flue. A ventilating hood is also 
provided, independently supported by the building proper. The ventilat- 
ing hood, extending to the left end of the extension housing, is 9 in. 
longer than the main hood; is parallel to, and set back to front with 
it; extends down to within 6 in. of the bottom of the main hood; and 
protrudes 12 in. over the apron. 


Tue ORE-HEARTH PROCESS 


The ore-hearth process itself is perhaps best described without 
reference to the apparatus by which the furnace is mechanically operated. 

The process consists of five steps—charging, rabbling, sorting, shovel- 
ing back and tapping lead—each of which is important. They are 
performed in the order given. A complete cycle requires approximately 
4 min. and, aside from a short interval after the charging period, the 
smelting is continuous; that is, an operating ore hearth is always in blast. 
The normal blast pressure is 7 02. Fach furnace delivers approximately 
1000 cu. ft. of gas per minute; and the temperature of the charge is 
1700° to 1800° F. The coke breeze used varies from 10 to 12 per cent 
of the ore mix charged, and is dependent upon the operators, the nature 
of the ore mix, and the condition of the fire. To operate an ore hearth 
by hand requires one or two helpers in addition to the operator, the 
ultimate results being greatly dependent upon the diligence of the work- 
men. With the Federal improved mechanical ore hearth to be described 
later, the skill required has been reduced to a minimum, with only one 
operator for an ore hearth. 
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Each ore hearth is provided with an ore car containing the ore mix, 
a pile of coke breeze, a slag car for receiving the hearth slag, a molding 
wheel to receive the molten lead, a lead truck, and the proper tools. 

With a furnace in blast, the charge is floated on a molten bath of lead 
and built up by spreading alternately thin layers of ore mix and coke 
breeze, accompanied by intermittent rabbling and shoveling back, until 
a normal thickness of charge results, 4 to 5 in. above the lip of the basin. 

Assuming that the furnace has been brought in properly, a tempera- 
ture of 1800° F. obtaining in the charge, molten lead is produced. The 
molten lead seeps down through the charge and enters the basin, so that 
the level of the lead bath gradually approaches the lip of the basin. A 
bar is inserted in the lead spout in order that the lead may be tapped 
at will. 

During the smelting, crusts are formed throughout the charge, which, 
if not broken up, quickly retard the proper functioning of the operation, 
in that they prevent the uniform penetration of the blast, cause blowholes 
and occlude small particles of metallic lead. 

Progressing from left to right, the rabbling operation is accomplished 
with a poker, 114 in. diameter. The poker, held at right angles to the face 
of the ore hearth, is thrust downward through the charge at the lip of the 
basin, to the bottom of the basin, and on to the back; then with downward 
pressure at the outer end of the poker, the lip of the basin serving as a 
fulcrum, the inner end of the poker is forced upward through the charge. 
This action dislodges any accretions tending to form in the basin, breaks 
up the crusts and mixes the charge, and as the poker breaks through the 
top of the charge considerable material is thrown out upon the apron, 
varying in size from small unsmelted particles of the charge to 3-in. balls. 

At the working temperature of the charge, the slag-forming con- 
stituents fuse, and as they are turned over repeatedly during the rabbling, 
they coalesce to form a clinker, which in the working gathers material, 
like a snowball, and assumes a spherical shape. This product is the 
hearth slag, and is composed of the slag-forming constituents cementing 
together semismelted particles of the charge; the assay percentage of 
lead of the conglomerate is approximately one-half that of the ore 
mix charged. 

The hearth slag is recognized by its gray color, and was formerly 
called ‘‘gray slag,” perhaps to distinguish it from a bluish black material, 
of similar shape, known as “‘sinkers,” which is a result of poor working; 
viz., in a portion of the ore hearth that is not properly worked, crusts of 
concentrates fuse on the outer side and sink to the level of the lead bath, 
where, owing to the impulses of the bath caused by the poker, they rise 
and fall, increasing in size through the cementing of metallic lead and 
particles of semismelted charge, and either form accretions in the basin 
or are thrown out upon the apron. 
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As the particles of various size are thrown upon the apron by the 
poker, those of greatest size roll farthest forward, whence the first step in 
the sorting operation. The ‘‘gray slag” and the “sinkers’”’ roll to the 
l4-in. bead at the bottom of the apron, and are readily distinguished ; 
the “sinkers” are broken and returned to the charge; the hearth slag 
is forked to a slag car. 

The small particles of the charge and the slag balls of intermediate 
size repose on the upper half of the apron. All of this material is shoveled 
back on to the charge in such a manner as not to disturb the charge at the 
lip of the basin, but cleaning the apron and delivering a considerable 
portion of the material against the back of the hearth, and allowing it to 
roll down to the lip of the basin. 

The level of the lead in the basin is maintained slightly below the lip 
of the basin; this regulates the depth of the charge, insures the penetration 
of the blast and the proper working of the lead. Tapping is accomplished 
by removing the bar previously inserted in the lead spout and allowing 
sufficient lead to flow to individual molds, of which there are 10 in a 
molding wheel. One mold is filled at a tap and, after cooling, the pigs, 
weighing approximately 100 lb. each, are removed by hand pick and 
stacked on a lead truck. Proper temperature of the bath is indicated 
by a slight color of the lead tapped. 

The main hood conducts the fume to a balloon flue, where an average 
draft of 0.5 in. H,O is maintained. Natural draft on the ventilating hood 
clears any fumes arising from material on the apron, and maintains a 
curtain of air in front of the working face of the ore hearth. 


CHRONOLOGICAL DEVELOPMENT OF THE Ore HEARTH 


The early ore hearths had a basin area approximately 2 ft. square and 
treated hand-sorted galena and jig concentrates with intermittent opera- 
tion to minimize volatilization, as no effort was made to recover the fume. 

Later, the water-jacketed 4-ft. ore hearth was installed, and required 
two men, one to rabble the charge, and the other to shovel back; the opera- 
tion became continuous when baghouses came into use. 

With the introduction of the Newnam mechanically rabbled ore 
hearth!, the length was increased to 8 ft. treating gravity concentrates. 
However, even the ore hearth equipped with the mechanical poker had its 
limitations. Two men were required for its operation, the operator 
tending the rabbling machine and the helper shoveling back. The 
human element here played a too important part in the operation and 
sufficient rabbling was seldom accomplished, because few men could 
follow up, shoveling back, at such frequent intervals. The operator was 
ever complaining that poor production was due to the helper’s end of 


the work. 


1. 8. Patent No. 1388144. 
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Finally, with the invention of the Mac Michael mechanical shovel, and 
its combination with the mechanical poker, establishing the ore hearth as 
a one-man operation, the ore hearth came into its own by placing the 
responsibility solely on the operator and providing him with an efficient 
machine to do the work. This development was accomplished at tbe 
Federal Plant of the American Smelting and Refining Co., which owns 
the Mac Michael patents®. 


FEDERAL ImpRovED MrcHANICAL ORE HEARTH 


Mounted on a track 1 (Fig. 3), above and parallel to the face of the 
ore hearth 2, the framework of the machine 3 is suspended from the 


Fig. 3.—FRONT ELEVATION OF ORE HEARTH SHOWING GENERAL ARRANGEMENT, WITH 
MACHINE AT RIGHT OF ORE HEARTH. 
Scale: 14 inch = 1 foot. 
movable carriage 4. The crankshaft 5, through a series of gears and 
pinions, is driven by a 1-hp. motor 6; through a clutch 7, sprocket 8 and 
chain 9, continuous travel from right to left between stops 10 and 11 is 
imparted to the carriage by bevel gears operating on the right axle 12; 
through an eccentric 13 and eccentric rod 14, intermittent travel from 
left to right is imparted to the carriage by a ratchet and pawl 15 operating 
on the left axle 16. The movements of the carriage and machine through 
various stops, levers and clutches, may be controlled either automatically 
SE ee a SRNL). eS 
Sl Wats) 12 
Sait: atent Nos. 1730582, 1733352, 1781025, 1791677, 1791628, 2023483 and 
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or manually; these details and also those providing the adjustments of 
the moving parts are omitted here in order to avoid undue complication 
of the small-scale drawings. 

Secured to the left end of the crankshaft 5 is the cam wheel 17, Figs. 
3-6, to which, by means of a crank pin 18, is attached a U-clamp 19, 
holding the poker 20. This mechanism causes the poker to execute a 
movement similar to that described by the dotted line 21 in Fig. 4, the 
guide 22, attached to the front of the framework, serving as a fulcrum. 

Referring particularly to Figs. 3, 5 and 6 for a description of the 
mechanical shovel, a grooved roller 23, mounted on the left of the U-clamp 


Spawananery 
ay dn Baht et 


Fic. 6. 
Fic. 4.—SEcTION SHOWING RELATIVE POSITION OF POKER WITH REGARD TO BASIN, 
AND MOVEMENT EXECUTED BY POKER. 
Fig. 5.—ENLARGED DETAIL OF SHOVEL. 
Fig. 6.—SEcTION SHOWING RELATIVE POSITION OF SHOVEL WITH REGARD TO BASIN 
AND APRON, AND MOVEMENT EXECUTED BY SHOVEL. 
Scale: 3g inch = 1 foot. 


19, engages in the guides 24, which are attached to the swing arm 25, 
pivoted at the top to an extension plate 26 of the framework, and pivoted 
at the bottom to the shovel arm 27. The forward end of the shovel arm 
holds the shovel rod 28, attached to the shovel blade 29. The rear end 
30 of the shovel arm is forked and pivoted to the lower member of the 
elevating link. The revolutions of the camwheel effect an up and down 
movement of the grooved roller between the guides, producing a recipro- 
cating movement of the swing arm, causing the shovel to execute a 
forward and back stroke. 

A bracket 31, mounted on the extension plate 26 of the framework 
vertically above the cam wheel 17, supports the follower rod 32, in such a 
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manner that through the tension of the spring 33, the roller 34 is engaged 
with the cam surface 35. A composite lever 36 connects the follower rod 
to the universal 37. The upper member 38 of the elevating link is forked 
to the universal, and through an adjusting nut 39 is connected to the 
lower member 40 of the elevating link, which is stepped, bored and fitted 
with springs 41 and piston 42, providing an elastic connection to the 
forked rear end of the shovel arm. The revolutions of the cam wheel, 
through its cam surface engaging with the roller, produce an up and down 
movement of the follower rod, which through a composite lever and 
universal is transferred to, and so modified by the elastic function of the 
elevation link as to impart a flip near the end of the forward stroke 
of the shovel. 

The combined mechanisms cause the shovel to execute a move- 
ment similar to that described by the dotted line 43 in Fig. 6; the dotted 
line 44 delineates the surface of the charge immediately following the 
movement of the poker. 

The action of the shovel is important. The first part of the forward 
stroke, during which the shovel scrapes the apron, is relatively slow; but 
as the shovel leaves the apron its speed is accelerated until the latter part 
of the forward stroke is relatively fast, ending in a flip, which throws the 
material against the water-jacketed back of the ore hearth, and causes it 
to roll down to the lip of the basin by gravity; producing a selective action 
by which the finer material is deposited near the top and back, and the 
coarser material near the bottom and front. A uniform penetration of 
the blast and an even fire throughout are thus assured. The back stroke 
is such that the shovel is entirely free from the charge, eliminating packing. 

The mechanical shovel is not only a labor saver but accomplishes 
the work more thoroughly, more uniformly, and at more frequent 
intervals than can be done manually. 


OPERATION OF FEDERAL IMPROVED MECHANICAL ORE HEARTH 


Assuming a machine at rest at the left end of an ore hearth in blast, 
the operator depresses a lever which sets the machine into operation. 
The machine traverses the front of the ore hearth from left to right, 
progressing intermittently. Each stage in the progression is composed 
of two distinct movements; the one, a complete movement of the poker 
and shovel operating simultaneously, side by side without interference, 
which pauses as the poker is withdrawn from the charge; the other, during 
this pause, a movement of the machine approximately 4 in. to the right. 
During the initial stages, the extension housing permits motion of the 
shovel while the poker is operating at the left of the hearth, thus avoiding 
any necessity for a second clutch and associated mechanism for the 
shovel. The interval of each stage is approximately 2 sec., and the entire 
traverse, comprising 18 to 20 stages, requires approximately 40 sec. 


lndeeBU CK pis 


As the machine reaches the right end of the ore hearth, a stop engages a 
lever which automatically stops the machine. 

The operator next forks the hearth slag into a tip car, pushes the fines 
to the upper half of the apron, charges ore mix or coke breeze, as the occa- 
sion requires, and then pulls a second lever, causing a return of the 
machine (with the shovel and poker retracted) to the left end of the ore 
hearth, where it is automatically stopped. The operator then has a 


FLOTATION GRAVITY 
ae : SLIMES CONCENTRATES xx ~ COKEBREEZE 
NED R 
BAGHOUSE DUST HLUEDUST 
UNLOADING BINS | UNLOADING BINS te 
GRIZZLY STORAGE BIN STORAGE PILE 
STORAGE BIN CLAMSHELL CLAMSHELL CLAMSHELL COKE CARS 
CONVEYOR 
BEDDING BIN 
ELEVATOR 
ties CLAMSHELL 
FEEDER BINS 
FEEDER BIN 
css CONVEYOR 
ELEVATOR 
CONVEYOR 
ORE-MIX STORAGE BINS 
ORE CARS 
ORE HEARTHS 
FUME LEAD HEARTH SLAG 
FUME. 
BALLOON FLUES ; 
MOLDING WHEELS TIP CARS 
BAGHOUSES FLUE DUST 
BAGHOUSE DUST TANK CARS LEAD TRUCKS SCALES 
=~ f= RETURNED 
x 
FILTERED BURNED x ce lies 
TIP. CARS 
RETURNED 
*K 
STACK REFINERY KETTLES  BLAST-FURNACE STORAGE BINS 


Fig. 7.—F.Low SHEET OF ORE HEARTHS, FEDERAL Puant, AMERICAN SMELTING & 
REFINING Co. 


rest period of approximately 1144 min. This completes the cycle, which 
varies from 3 to 4 min. While the machine is traversing the ore hearth 
lead may be tapped or pig lead may be removed from the molds and 
stacked on the lead truck. 

The nature of the operation adapts itself to piecework; wages are 
based upon the number of 100-lb. pigs of lead produced. The ore hearth 
is operated continuously over the 24 hr.; the men work 8-hr. shifts. The 
tendency to rob the basin of lead at the end of the shift is countered by 
the foreman, in cases of dispute, gaging the depth of the lead; if found 
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that the level of the lead in the basin is lower than normal carry, the 
operator forfeits the required number of pigs to his relief. 

A mechanic and an oiler assure the proper adjustments and mainte- 
nance of the machines. A motor crew serves the ore hearths with ore mix 
and coke breeze, delivers the lead and hearth slag to the scales, and thence 
the lead to the refinery and the hearth slag to the blast-furnace storage 
bins. The foreman records the weighing of lead and hearth slag. 

Pokers of 16 to 18 per cent chromium steel are used, as the longer 
life well warrants the additional cost. In casting the basins a recess is 
provided to accommodate filler plates at the lip of the basin, materially 
increasing the basin’s life. 


GENERAL ARRANGEMENT OF FEDERAL ORE HEARTHS 


Thirty-one ore hearths are arranged in two parallel batteries, furnaces 
1 to 15, and 16 to 31. Each battery, complete with a blower and balloon 


TaBLE 1.—Metallurgical Data 


Analysis, Per Cent 


Constituents Se mae 
Pb SiOe FeO CaO Zn Ss 
Gravity concentrates.......... 47 77.0 0.5 3.5 1.5 2.0 | 15.5 
Flotation slimes... °. fe... .- 15 72.0 3.0 3.0 2.0 3.5 | 15.0 
Whieldustereitetane etree ice Si 64.0 510 2205) 2.5 15 125 S100 
Baghouserdust-ere seemed 30 67.0 2.0 Teo 
Ore um ince ot te ee ee, ss aes 100 | 72.0 100 Seen 1 by lP S2ebs else 


Tons total charge smelted per furnace day.................0.0005 18 
‘Tons:fuelused. per.iurmacerd sy. amaas a. 2. oy eet cere ene 2 
Tons pig lead produced per furnace day....................-00-- 8 
Percentage pig lead extraction;.iat .. 0... aeons cre ee 60 
Percentage hearthislag produced ec: +. aecste cetera oe 15 


flue, is housed in a building 75 ft. wide by 425 ft. long. The buildings are 
75 ft. apart and staggered. No. 7 furnace of the first battery is opposite 
No. 16, the first furnace of the second battery, in order to provide a 
convenient arrangement of both the fuel storage and the mixing plant. 
An overhead belt conveyor delivers the ore mix to a storage hopper 
located between the batteries. 

The ore hearths are spaced at 25-ft. centers with working faces in 
line, parallel to and in front of the balloon flue and the blast main. 
Parallel main tracks serve the furnaces at front and back; the front track 
is provided with a switch and stub track at each furnace for the delivery 
of ore cars; the back track has two switches and stub tracks at each 
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furnace, the one for spotting a slag car at the left of the ore hearth, the 
other for spotting a lead truck at the rear of the molding wheel. All 
equipment is within the building except the blower room which is mid- 
way adjacent. 

The flow sheet of the plant is shown in Fig. 7. 2 


METALLURGICAL DaTA 


The figures given in Table 1, although approximate averages, are 
relative and subject to variations affecting smelting operations. 


DISCUSSION 


R. L. Hattows* anp B. M. O’Harra,{ Galena, Kans. (written discussion).— 
The construction of the hearths and the method of their operation at the Galena, 
Kansas, plant of the Eagle-Picher Mining & Smelting Co. are similar to those 
described by Mr. Buck. At Galena, coal is largely used instead of coke breeze as 
reduction fuel. The concentrates treated at Galena perhaps average higher in zine 
content than those treated at Federal, or at least the zine content of the flotation 
concentrates is frequently considerably higher. The chief difference in practice is 
that whereas the various lead-bearing constituents of the charge are mixed at Federal 
to give a more or less uniform mixture, at Galena they are delivered separately to the 
hearths and mixed as charged, the mixture used varying considerably from day to day. 

Frequently charges of gravity concentrates only, or of flotation concentrates only, 
are treated separately, thus making possible a comparison of the metallurgical results 
obtained from the two types of charge. Flue dust and baghouse dust are usually 
returned to the charge as produced from day to day. Some flotation concentrates 
with a lower lead content than is generally considered suitable for ore-hearth treat- 
ment are treated; there is not a large enough tonnage of these to warrant the installa- 
tion of special equipment to treat them by other methods. 

The following tabulation gives approximate figures showing comparative metal- 
lurgical results when treating 80 and 60 per cent lead concentrates: 


a EEE SEE 


80 Per Cent | 60 Per Cent 
Pb Concen- | Pb Concen- 
trate trate 

Lead in concentrates recovered as metallic lead, per cent.... 85 50 
Lead in concentrates recovered as lead in gray slag, per cent. 15 50 
Dry weight of concentrates as circulating fume, per cent.... 24 30 
Dry weight of concentrates, coal used, per cent..........-. 4 15 
Dry weight of concentrates, limestone used, per cent........ 2 12 
Concentrates treated per hearth per 24 hr., tons............ 28 16 
Gray slag produced per hearth per 24 hr., tons.........----. 8 11 
Lead produced per hearth per 24 hr., tons..........-+.+++- 19 4.5 


pet ee ee 


* Manager, Lead Smelter, Eagle-Picher Mining & Smelting Co. 
+ Metallurgist, Eagle-Picher Mining & Smelting Co. 


Equilibrium in Lead Smelting 


By 8. Freperick Ravirz,* Memper A.I.M.E. anp KennetH E. FisHER{ 


(New York Meeting, February, 1936) 


Four liquids are ordinarily present in the lead blast furnace during 
lead smelting. At the bottom is the lead bullion, which is metallic lead 
containing about one per cent of impurities, including gold, silver, copper, 
bismuth, arsenic and antimony. Above this is the speiss, which consists 
essentially of arsenides and antimonides of iron and copper. The speiss is 
followed by the matte, which consists principally of sulfides of iron, 
copper and lead!. The top layer is the slag, of which the major constit- 
uents are silica, lime, alumina, zine oxide and iron oxide. Similar 
products are obtained from the dross furnace, which treats the dross 
obtained in decopperizing lead bullion. 

The distribution of gold and silver among these various products is of 
considerable importance in the smelting of lead. In general, the matte 
and speiss cannot be treated in the lead smelter, and usually are sent to a 
copper smelter. It is usually desirable, therefore, to keep their gold and 
silver contents as low as possible, and to collect the precious metals in 
the bullion. If the bullion, speiss, matte and slag exist together in 
equilibrium, the gold and silver should distribute themselves among these 
four liquids in a definite manner, which, other conditions being equal, 
should depend only on the amounts of gold and silver in the charge to the 
furnace. It is thus apparent that a knowledge of whether such equi- 
librium exists is necessary before attempting to study the effects of 
various compositions of matte and speiss on the distribution of gold 
and silver among the furnace products®. Moreover, systems consisting 
of four liquids in equilibrium are very rare, and are of considerable 
scientific interest. 

In order to ascertain whether equilibrium existed, the distribution of 
gold and silver among the four liquids was determined. The speiss, 


Manuscript received at the office of the Institute Nov. 29, 1935. 

* Research Metallurgist, Utah Engineering Experiment Station, University of 
Utah, Salt Lake City, Utah. 

| Graduate Assistant, 1934-35, Utah Engineering Experiment Station, University 
of Utah. 

1In certain cases either the matte or the speiss may be absent. If the charge to 
the furnace is very low in sulfur, no matte is formed, while if it is very low in arsenic 
and antimony, no speiss is formed. 


* Such a study is now in progress in this laboratory. 
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matte and slag used in this investigation were dross furnace products 
obtained from a local lead smelter; granular test lead was used instead of 
bullion. The analyses of the speiss and matte were as follows: 


Au, Aa, 

Oz. Oz. Ps, Zn, Cu; Fr, Ss, Ss, As, 

PER PER PER PER PER Per Perr Pur PpR 

Ton Ton Cent Crent Crnt Crnt CrEnt Cent CENT 
Mit iereee arte te ones. OLlows7 227 15.8) 259 61s F.0715.8 0.4 2.9 
SP Olsser-eeenee rane ete 1688.8 17-4 "3.2" 68.3 0.6 2.1 Paesillvoe SMO 


The composition of the slag was not determined. 

Four fusions, each with different amounts of gold or silver, were made 
in clay crucibles for each experiment. Standard Denver Fire Clay Co. 
tall-form, size D crucibles, 4 in. high and 23g in. diameter at top, 
were used, with clay covers. To each crucible was added 50 grams 
of test lead, of speiss, of matte and of slag (the latter three ground 
to minus 80 mesh), and the desired amount of gold or silver. The 
silver was added in the form of powdered silver nitrate, and the gold 
as gold chloride solution. The contents of each crucible were mixed 
thoroughly, and the four crucibles were then placed in a large pot furnace 
and heated to approximately 1250° C. for about 14 hr., after which they 
were removed and allowed to cool rapidly. The crucibles were then 
broken away from their contents, which in all cases were found to be in 
four well defined layers that could easily be separated from one another. 
Each layer was analyzed for gold or silver, the slag and bullion by ordinary 
fire assays, and the matte and speiss, because of their high copper con- 
tents, by a combination wet and fire method’®. 

The results of the experiments are given in Tables 1 and 2. The 
distribution coefficients K were calculated by assigning the value unity 
to the concentration of gold or silver in the bullion. These coefficients 
thus represent the ratios of the concentration of gold or silver in the slag, 
matte or speiss, as the case may be, to that in the bullion. These tables 
show that in each experiment the distribution coefficient for gold or silver 
between bullion and speiss and between bullion and matte (and therefore 
between speiss and matte) is very constant, regardless of the amount 
of gold or silver added. For example, although the amount of silver 
added varies more than threefold, and the amount of gold tenfold, the 
average deviation of the constant from the mean is less than 2.6 per cent 
in every case except for the distribution of gold between bullion and matte, 
in which it is 11.3 per cent. The latter is by no means surprising ; because 
of the small amounts of gold dissolved in the matte, an error of only a few 
hundredths of an ounce per ton in the assay (the accuracy of which is 
lowered by the high copper content) would readily account for it. The 
slight variation of the constants for the three experiments with silver is 


3, A. Smith: Sampling and Assaying of the Precious Metals, 349. London, 1913. 
Griffin & Co. 
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TaBLE 1.—Distribution of Silver in Dross Furnace Products 


Silver 


pa tat oat In Bullion In Speiss In Matte In Slag 
zg 
5 : Oz. 
Oem Pins oe Cees eae eee ee on |. Saks 
EXPERIMENT 1 
300 76.4 | 1.000 94.4 | 1.236 44.8 | 0.586 0.24 | 0.0031 
500 99.6 | 1.000 | 118.4 | 1.189 55.6 | 0.558 0.32 | 0.0032 
700 119.6 | 1.000 | 142.0 | 1.187 66.0 | 0.552 0.16 | 0.0013 
1000 150.8 | 1.000 | 179.2 | 1.188 83.2 | 0.552 0.26 | 0.0017 
Mean ceratc near asneiotats 1.000 1.200 0.562 
Average deviation from mean, per cent.. 1.2 yee | 


EXPERIMENT 2 


300 77.2 | 1.000 | 94.4 | 1.223 | 40.4 | 0.523 | 0.16 | 0.0021 
500 100.8 | 1.000 | 119.2 | 1.183 | 53.2 | 0.528) 0.16 | 0.0016 
700 121.2 | 1.000 | 148.2 | 1.182 | 63.6 | 0.525 | 0.24 | 0.0020 
1000 148.8 | 1.000 | 178.4 | 1.199 | 78.0 | 0.524 | 0.16 | 0.0011 
Mean ios serene oc cikar ever 1.000 1.196 0.525 
Average deviation from mean, per cent.. 1.2 0.27 


EXPERIMENT 3 


300 84.0 | 1.000 92.0 | 1.095 44.8 | 0.533 0.8 0.0095 
500 110.8 | 1.000 | 126.0 | 1.137 58.8 | 0.531 1.6 0.014 
700 136.0 | 1.000 | 162.0 | 1.191 75.6 | 0.556 [eZ 0.0088 
1000 179.2 | 1.000 | 204.8 |} 1.1438 99.6 | 0.556 1 ey} 0.0067 
Mean ecttrccrentincers tals: 1.000 1.142 0.544 
Average deviation from mean, per cent.. 2.2 2.2 
TABLE 2.—Distribution of Gold in Dross Furnace Products 
Gold 
AuCls Added, Ce. In Bullion In Speiss In Matte In Slag 
oO 
2 Lay K Oz Pg! K Oz Ray! K mE J K 
1 3.39 | 1.000 5.3 1.563 0.30 | 0.0885) 0.01 | 0.0030 
3 6.56 | 1.000 |} 10.9 1.662 0.48 | 0.0732} 0.02 | 0.0030 
5 9.72 | 1.000 | 16.6 1.708 0.62 | 0.0638) 0.06 | 0.0062 
10 15.4 1.000 | 25.8 1.675 1.00 | 0.0649) 0.12 | 0.0078 
IS a 


1 
Average deviation from mean, per cent.. 2. 
htt. ERS te 
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due undoubtedly to slight differences in time or temperature during the 
experiments. Small amounts of arsenic, antimony or sulfur are probably 
volatilized during the fusions, and the distribution coefficients are quite 
sensitive to the composition of the matte or speiss*. 

From a casual inspection of the tables, it would appear that the 
amounts of gold or silver dissolved in the various layers are not propor- 
tional to the amounts added. However, when it is considered that some 
gold and silver are originally present in the matte and speiss, reasonably 
good proportionality isfound. ‘This is shown in Table 3, which has been 
calculated from the data in Table 1 for experiment 1. Similar results are 
obtained for the other experiments. 


Taste 3.—Relation between Silver Assays and Amounts of Silver Added 


Increase in Silver Assay, Increase in Assay per 100 Mg. 
AgNOs Added LB get Beno: 

Mg. 7 Difference 

Bullion Speiss Matte Bullion Speiss Matte 

300 200 23.2 24.0 10.8 11.6 12.0 5.4 

500 200 20.0 2on0: 10.4 10.0 11.8 D2 

700 300 31.2 37.2 17.2 10.4 12.4 5.7 

1000 
Mean 10.7 1221 5.4 


A further check on the data is afforded by calculating the amounts 
of silver that would be present in the various layers after fusion if no 
silver nitrate had been added. Thus from Table 1 it is found that the 
concentrations of silver in bullion, speiss and matte are in the ratio of 
1.000:1.200:0.562 (neglecting the small amount in the slag); i.e., the total 
amount of silver initially present will be distributed in the three layers in 
the fractions 1.000/2.762, 1.200/2.762 and 0.562/2.762 respectively. 
The analyses of the matte and speiss show that if one ton of each of the 
four products had been used, there would have been 126 oz. of silver 
present. Multiplying this by each of the above fractions, the concentra- 
tions in the bullion, speiss and matte are found to be 45.6, 54.8 and 25.6 oz. 
per ton respectively. 

These concentrations can also be calculated in a different manner. 
For example, Table 3 shows that in the first experiment the silver con- 
centration of the bullion increases 10.7 oz. per ton for every 100 mg. of 
silver nitrate added; the silver introduced with 300 mg. of silver nitrate 
is therefore 32 oz. per ton. Table 1, however, shows that when 300 mg. 


4K. E. Fisher: Distribution of Gold and Silver in Lead Blast-furnace Products. 
Thesis, University of Utah, 1935. 


122 EQUILIBRIUM IN LEAD SMELTING 


of silver was added, the concentration was 76.4 oz. per ton. The differ- 
ence, 44.4 oz. per ton, represents the concentration that would have 
resulted if no silver nitrate had been added, and agrees well with the 
value 45.6 found above. The corresponding concentrations for the 
speiss and matte are 58.0 and 28.6 oz. per ton. Similar results are 
obtained for the other experiments. 

The coefficients obtained for the slag (Tables 1 and 2) are by no 
means constant, but this is to be expected. Gold and silver are almost 
completely insoluble in slag, and their presence undoubtedly is due prin- 
cipally to minute inclusions of matte, speiss and bullion, which did not 
settle out of the slag. Nevertheless, there can be little doubt that the 
slag is practically in equilibrium with the matte, speiss and bullion. 
The constituents of these three liquids are almost completely insoluble 
in the slag, and chemically there is little, if any, tendency for them to 
react with the slag. 

The results of this investigation show that the products of lead smelt- 
ing—bullion, speiss, matte and slag—exist together in the molten condi- 
tion in a state of equilibrium. Although the experiments were simple 
fusions carried out in the laboratory, similar equilibrium conditions 
unquestionably exist in the blast furnace and the drossing furnace in 
actual lead smelting. 
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DISCUSSION 


(Carle R. Hayward presiding) 


C. P. Linvitix,* Bound Brook, N. J.—This paper seems to go into the funda- 
mental question of equilibrium. My interest has been more in the commercial side 
of it for a good many years; that is, we had speiss and drosses and things of that sort, 
and we had to recover gold and silver. That is what we wanted to do. This paper 
opens up possibilities when thinking of what to do about such a problem. If there is 
going to be equilibrium, a component that is free from the material that is wanted 
will take it from the other one until equilibrium occurs. In this particular case, it 
seems that if lead is added it will become rich in silver and will reduce the amount of 
silver in the drosses. The same thing would be true to perhaps as great an extent if 
silver-free matte were added, or if sulphur were mixed with the charge, fused in a 
reverberatory furnace and matte made without making slag, and got most of the silver 
in the matte. 


On the other hand, I should like to ask whether anybody knows how to get the gold 
out of speiss. 


* Metallurgist, The Caleo Chemical Co. 
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S. F. Ravirz.—It happens that we used pure test lead as a substitute for bullion, 
more or less drawing gold and silver from the matte and speiss into the lead. 


C. P. Linvitte.—We had great quantities of speiss, and by speiss I mean the 
impure arsenide, leady, coppery speiss containing nickel and cobalt, and we found 
that we could get the great bulk of the silver out by floating the lead and copper, which 
we did by brimstone fusion. We mixed the speiss with brimstone and fused on the 
hearth of a reverberatory furnace, and strange to say over 90 per cent of the brimstone 
we used was found in the mattes we made, and those mattes carried most of the silver. 
There would be some left, but the great bulk of the silver was taken out of the residue; 
although most of the gold remained with the nickel and cobalt and the arsenic 
and antimony. - 


S. F. Ravirz.—I think I mentioned that it is comparatively easy to reduce the 
content of gold and silver by making a high lead-copper ratio in the speiss, but when 
you do that you are between the devil and the deep blue sea. If you make a high 
lead-copper ratio, the lead smelter is sending a lot of lead to the copper smelter; on the 
other hand, if you make a very high copper-lead ratio, the gold in the speiss goes up 
rather high. 


C. P. Linvitte.—That brings us to the conclusion that it is wrong to ever smelt, if 
it is possible to avoid it, materials that contain arsenide, particularly arsenide with 
nickel and cobalt, with any gold-bearing material. They should be kept away from 
the copper smelter that carries gold, and if possible should be smelted only with lead 
material. A great deal of low-gold material from the Ontario district was messed up 
with a great deal of gold in this country, because it got into the copper smelter. If it 
had been kept with the lead, the amount of gold taken up with that nickel and cobalt 
would not have been so serious. 


F. E. Larus, * Ottawa, Ont.—From the commercial point of view, the interest lies 
in the gold and silver content of the slag. I notice that the silver content varied from 
0.16 up to 1.6 oz. per ton, and the gold from 0.01 to 0.12 oz. per ton. One would not 
think of throwing away a slag with that amount of gold. The authors have suggested 
that the presence of gold and silver in the slag may be accounted for by the inclusion 
of a certain amount of matte, speiss or bullion. Has any analysis been carried out 
that would indicate the amount of copper and lead, for instance, in the slag as produced? 


S. F. Ravirz.—No, we made no such analysis. 

F. E. Latus.—That would be a very interesting point, and one well worth check- 
ing up. 

Mermper.—Why are the experiments made with equal parts of matte, lead, speiss 
and slag, and why is the silver 1.2 times the assay of the bullion? Ina blast furnace 
there would not be equal parts of slag, lead, and so forth, with, say, 75 per cent lead 
and the rest made up of speiss, et cetera. 

S. F. Ravirz.—The total amount would be different, of course, but the assay of 
the silver in the speiss, for example, would still be 1.2 times the assay of the bullion, 
other things being equal. 


Memper.—What finally becomes of the speiss? 
S. F. Ravirz.—It goes to the copper smelter. 


* National Research Council. 
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E. L. Jorcensen,* Irvington, N. J—The authors came to the conclusion that 
equilibrium exists between silver and gold content of lead bullion, speiss and matte, 
under the conditions of their experiments. I wish we could talk about equilibrium in 
the kind of lead smelter I am in charge of. My experience with speiss has fortunately 
been limited. The lead is used as a collector and travels around and around. Impuri- 
ties in matte and bullion vary greatly, and with them we have an utter lack of 
equilibrium. Often the silver content of the matte is as high as in the bullion and 
occasionally higher. In such cases, the addition of scrap iron will reduce the precious- 
metal content of the matte and at the same time in the slag. 

As to the distribution of precious metals in slags, we have made some observations 
that may throw a sidelight on the discussion. If we allow a pot of blast-furnace slag 
to cool so that a crust*is formed, break the crust and pour out remaining molten part 
of the slag, we find that gold and platinum metals are enriched in the crust much more 
than silver. By utilizing this fact in practice, we have reduced our slag losses as 
follows: gold, 71 per cent, platinum metals, 61 per cent, silver, 34 per cent. 

In practice, the products are not allowed to solidify in contact with one another, 
and results so obtained are not directly applicable to operating conditions. We know, 
for instance, that matte in cooling gives off lead, which takes precious metals along. 


S. F. Ravrrz.cWe did some experimenting with the artificial slags, and found 
some of them had a very much higher gold and silver content. It seems to depend 
somewhat on the viscosity of the slag, which was one of the things that led us to our 
conclusion that the gold and silver in the slag are due primarily to inclusions. 


Mremper.—Did you find any difference in the distribution of the silver in the 
matte dependent on the higher copper content? 


8. F. Ravirz.—We made some preliminary experiments in which constant amount 
of silver were added to mixtures of artificial mattes or speisses of varying composition 


TaBLE 4.—Results of Experiments with Iron-copper-sulphur Mattes 


’ Composition of Matte, Per Cent Silver, Oz. per Ton 
Benment 
oO. 
Tron Copper Sulphur Lead Bullion Matte 
1 4.9 58.7 20.2 15.2 32.0 13.5 
4 32.3 31.6 23.3 Lon 37.3 12.2 
5.2 6.7 


and test lead. Table 4 shows three of the results obtained in a series of seven experi- 
ments with iron-copper-sulphur mattes in which the iron content was successively 
increased, the copper decreased, and the sulphur held approximately constant. In 


TABLE 5.—Results of Experiments with Iron-copper-arsenic Speisses 


Composition of Matte, Per Cent Silver, Oz. per Ton 


Experiment 
No. 


Copper Sulphur Lead Bullion Matte 


* Works Manager, Irvington Smelting & Refining Works. 
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spite of the great decrease in copper content, the silver in the matte decreased, and in 
the bullion increased, only slightly. The distribution coefficient for silver in the 
matte fell from 0.42 to 0.30. Table 5 shows the results of similar experiments with 
iron-copper-arsenic speisses. The silver in the speiss decreased greatly as the copper 
decreased, the distribution coefficient dropping from 0.97 to 0.035. An interesting 
point is that although the solubility of lead in the speiss decreased considerably, its 
solubility in the matte remained practically constant. 


C. A. HEBERLEIN,* Carteret, N. J. (written discussion).—The question was raised 
as to the best disposal of speiss in smelting operations. I should like to give a concrete 
example from the lead-smelting operations of the Cia. Minera de Pefioles at Mapimi, 
Durango, Mexico. From the early nineties smelting operations were conducted at 
Mapimi exclusively from lead ores mined at the well-known Ojuela mine, about 
eight miles from Mapimi. Besides lead, silver and gold, the ore had a rather high 
arsenic content, producing during smelting operations a large quantity of speiss. 
Despite the most strenuous efforts, speiss used to accumulate and tie up considerable 
quantities of lead, silver and gold. 

Through the acquisition of the Torreon smelter and the gradual exhaustion of the 
Ojuela mine, the difficulties in handling speiss lessened, but during the peak days of 
smelting operations at Mapimi, from the year 1900 to 1918, the question of handling 
the speiss in such a way as to prevent it from re-entering direct smelting operations was 
of the most serious concern, both metallurgically and commercially. After many 
attempts the problem was solved in the following manner: The smaller blast furnaces 
were replaced by large ones, in order to assure a free flow of lead from the Ahrents 
siphon. After several years’ of experimentation with different forehearths, the con- 
clusion was reached that the best and cleanest work could be done through the use 
of an oil-fired separator or settling reverberatory placed at one end of the furnace 
building. Speiss, matte and slag together were intermittently tapped from the blast 
furnace into a covered slag ladle and, by means of an overhead crane, carried to and 
poured into the separator. Using covered slag ladles, a very small amount of shells 
was produced; in fact, small enough to permit the resmelting of large amounts of old 
slag dumps carrying considerable values in lead and silver. 

In the separator considerable lead bullion settled out and was tapped into bars. 
Speiss and matte were tapped to produce thin slabs to be crushed into a convenient 
size and roasted to complete elimination of the arsenic. Adhering strictly to the 
foregoing system, the accumulation of speiss was definitely prevented. The arsenic 
was expelled into the air, but the lead, silver and gold returned to the smelting circuit. 

The slag overflowed from the separator into slag pots and disposed in the usual 
manner over the dump. After the introduction of the oil-fired separator the whole 
process of disposing speiss and matte was simplified to such an extent that the tie-up 
of lead, silver and gold was reduced to a minimum and accumulation of speiss pre- 
vented. The wet lead in the slag varied from 0.8 to 1.0 per cent with a very low silver 
content. In order to reduce the difficulty of crushing the speiss, it must be well 
settled and free from metallic lead, an object that was rather easily accomplished in 
the separator. 


H. R. Hantey,t Rolla, Mo. (written discussion).—The theme of this paper is the 
equilibrium of distribution of gold and silver among the products formed in smelting; 
viz., lead bullion, speiss and matte. Under the laboratory conditions, the authors 
obtained a reasonably constant ratio of concentration of gold and silver in the bullion, 
speiss and matte. The authors are now studying the effect of various compositions 


of matte and speiss. 


* Director of Research, U. S. Metals Refining Co. 
} Professor of Metallurgy, Missouri School of Mines. 
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It is known that variations in the content of speiss and of matte will cause varia- 
tions in the solubility of gold and silver therein. Hofman* says: ‘As regards the 
presence of precious metals the fact is to be noted that speiss retains considerable 
amounts of gold, whereas very little gold is found in the matte. Speiss assays show 
from trace to 0.5 oz. gold per ton. The presence of metallic iron in speiss furnishes 
an explanation for the excess of gold over silver usually found, as iron has a strong 
affinity for gold.” 

There will be a variation in the metallic iron and copper in speiss and matte depend- 
ing upon the chemical and mechanical factors operative in the blast furnace. Con- 
sequently, the same equilibrium condition as noted in the laboratory tests could not 
be assumed to exist in practice, as the authors imply. Furthermore, the formation 
of speiss, matte and slag in commercial blast-furnace smelting proceeds differently 
from that of crucible smelting. In the blast furnace, the eutectic mixtures of products 
are formed first and flow away first, leaving the more refractory products to follow. 

The melting of preformed products in a crucible yields final products more homo- 
geneous, or less heterogeneous, than it is possible to attain in the blast furnace. Con- 
sequently, the two types of furnace operations—blast-furnace ore smelting and crucible 
fusion of preformed products—are not comparable. It is highly probable, however, 
that in the melting of matte, speiss and bullion in a drossing furnace, conditions 
approximating those of the crucible would exist. The relative solubility of the 
precious metals in these three products, in this case, would be governed by the com- 
position of speiss and matte. 


S. F. Ravirz.—We meant by no means to imply that the same equilibrium condi- 
tions exist in practice as in our laboratory tests. In fact, we attributed the slight 
variation in our distribution coefficients to differences in composition of the mattes 
and speisses resulting from small differences in time or temperature during the experi- 
ments, and we specifically mentioned that ‘‘the distribution coefficients are quite 
sensitive to the composition of the matte or speiss”’ (p. 121). This is well shown by 
the data given on page 124. 

As Mr. Hanley says, the formation of slag, speiss, matte and bullion within the 
blast furnace represents conditions far removed from equilibrium. In considering 
equilibrium among these products, however, the processes by which they are formed 
are, from a thermodynamic point of view, immaterial. Although eutectic mixtures 
may be formed first, they will soon meet, as they descend the shaft, products melted 
from the lower and more refractory parts of the charge, and by the time the crucible 
of the furnace is reached, all the products will ordinarily be molten and well intermixed 
(this is particularly true with the prevailing use of charges consisting mostly of sinter, 
coke being about the only constituent of the charge that gets into the crucible in 
the solid state). Indeed, it is not unlikely that they will already be fairly close 
to equilibrium. 

Within the crucible the four liquids exist in definite layers, although there is a 
continual “rain”’ of the heavier liquids through the lighter. This condition is particu- 
larly favorable for the attainment of equilibrium. How closely true equilibrium is 
approached depends upon a number of factors. Among these are: (1) nearness to 
equilibrium of the products when they reach the crucible; (2) length of time in the 
crucible; (3) constancy and uniformity of temperature; ete. 

It appears probable that the products, to a large extent, are preformed when they 
reach the crucible of the blast furnace, and that conditions within the crucible do not 
differ greatly from those in a drossing furnace or even in a small laboratory crucible. 


Perhaps the most important difference is that newly formed products are continually 
being added to the crucible of the furnace. 


* Metallurgy of Lead, 386. New York, 1918. McGraw-Hill Book Co. 


Drosses in Lead Smelters 


By C. M. Dicz,* Juntorn Memper A.I.M.E., G. L. Otpricut,{ MEMBER, AND 
T. B. Bricutont 


(New York Meeting, February, 1934) 


Tue base bullion from the lead blast furnace contains varying amounts 
of the impurities left in the smelter feed by the concentrator, regardless 
of the method of smelter operation. These impurities may be held in 
part in mechanical suspension rather than being present as true alloys. 
However, usually there is little free space in the crucible in which to 
separate these drosses before the bullion is taken from the lead well. 

When such a dross is melted in a laboratory crucible and allowed to 
cool, the products obtained are lead bullion, speiss, and matte in well 
separated layers. Typical analyses of layers are: 


AnatyseEs, Per Cent 


ELEMENT BULLION SPEISS MATTE 
[I ret a fcr cte ST. og ay me elastic = 4 92.0 41.2 38.3 
(CUS se oho ES pos oar S 00 SSCL ORO CURR OR RO a Ca 2.4 36.3 40.6 
IN an ES cy REN ON) ACR a ca aE 4.0 16.5 4.3 
CU er ke le ie Se Ee Or, Cc © eRe OR ena 0.7 0.2 0.4 
Cy, WE eee te Broa ence gO oo :c: Cr cc enc teeta MCoIC ICR 0.6 1.9 ifsyail 
TR. eens ee en eR Oececac Choc Cree Meena en Ca ae 0.0 0.0 0.0 

A bofenlat «0%, geo aoe ead daGa ot be oo brapecmeererc ores ow 99.7 96.1 96. 


The absence of iron in these products drossed from the blast-furnace 
bullion proves that the impurities for the greater part are not simply finely 
divided blast-furnace speiss or matte that has been dissolved or dispersed 
in the lead, but are held in solution by the liquid metal and rise to its 
surface as infusible compounds when the temperature of the bath is 
lowered. In general, the drosses made locally are metal sulphides and 
arsenides and not oxidized compounds. The large content of metallic 
lead also does not seem to be retained because of oxidized compounds 


This paper presents the results of work done under a cooperative agreement 
between the United States Bureau of Mines and the University of Utah. Published 
by permission of the Director, U.S. Bureau of Mines. Manuscript received at the 
office of the Institute Dec. 1, 1933; revision received Sept. 14, 1936. 
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that form films around particles of metallic lead and thereby “‘stabilize 
an emulsion.” The amount of metallic lead in drosses was not decreased 
by the addition of coal to a drossing reverberatory at a temperature 
of 2600° F. 

OBJECTIVES OF PARTIAL SOFTENING 


The main problem in the partial softening operation at lead-smelting 
plants is to increase the copper and decrease the lead content of the 


Feed to lead smelter 


Hearth roasters (or 


this step omitted ) 
Dwight-Lloyd sinterers _—— Flue dust Nonvolatile flue dust back to 


Cent ons Dwight-Lloyd or briquetted and 
Lead blast back to blast furnace, etc. 
furnace 


Flue ns To Godfrey roaster, 
usually etc. (or this step 

baggedorcold omitted and all flue 
Cottrelled dust to Dwight-Lloyd 


To Asz03z kitchens 
and to market if 
Bullion matte speiss slag to dump above step used 


To first 

softening, OF ___ To copper smelter 

operation converter 
Impure Matte 
bullionto =‘ Speiss Blister Slag Flue dust 
further copper to copper containing lead, 
softening. copper reverber- arsenic, etc.,to one 


refinery. atory of following steps 


Hot 
Cottrell 


Cold a 
Cottrell 


As removed 
Fia. 1.—FLOWSHEET OF COMBINED LEAD AND COPPER SMELTER. 


matte or speiss produced from dross and later sent to the copper plant. 
The objectives of conducting this step at the western lead smelters 
are: (1) to increase the capacity of the refinery making a finished product, 
(2) to remove copper nearer to a copper smelter adapted to handling it, 
(3) to save more of the metallic lead skimmed off in drosses, and (4) to 
save freight on the impurities removed. 

The operations of the lead and copper smelter for the removal of 
impurities, particularly those that are volatilizable, are, then inter- 
locked, as shown on the flowsheet in Fig. 1. 
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As great an amount of sulphur is removed on the sintering machines 
as is compatible with the production of hard, strong, sinter cakes. Only 
smelters making considerable amounts of copper matte need some sul- 
phur. The removal of arsenic and antimony as volatile oxides from 
roasters or blast furnaces depends upon the surface of these minerals 
exposed and the extent to which they are present in the ‘‘ous”’ condition. 
The pentavalent forms of arsenic and antimony are much more slowly 
volatile than are the more reduced forms. For these reasons, arsenic 
and antimony may be volatilized more readily from hearth roasters than 
from blast roasters such as the Dwight-Lloyd. Much less of the anti- 
mony than of the arsenic is volatilized, as the latter has a higher vapor 
pressure. The higher oxides of arsenic and antimony may be reduced to 
lower forms by sulphur-bearing and carbon-bearing compounds. In 
operating the blast furnace, the addition of either scrap iron or coke takes 
arsenic out of the bullion. If the quantity of lime in the charge is reduced 
so that the silica has to combine with iron the arsenic is forced to enter 
the matte or bullion. When the matte is rich in copper the amount of 
arsenic in the bullion is small. (In U.S. Patent 1803771, R. C. Ruther- 
ford roasts off the sulphur so that an excess of copper is present to combine 
with arsenic.) 

In general, a volatilized product, such as arsenic or lead, may be 
removed from the dust caught in the Cottrells or baghouses of the copper 
and lead smelters. Thus, in the lead plants the Godfrey roaster treating 
flue dust may be operated at such a temperature that the arsenic will 
volatilize and be segregated in separate kitchens. In the copper plant 
it is possible to separate the volatilized arsenic and antimony from the 
lead by running hot the first Cottrells treating converter gases, and thus 
first stopping the lead. When arsenic is too abundant on the market 
and both the copper and lead plants wish to have the other carry the 
entire burden of removing arsenic from their combined circuits, an enor- 
mous circulating load is built up on both plants. 


TREATMENT OF MaTres AND DROSSES IN LEAD SMELTERS 


Formerly, the general practice was to roast the first matte and add it 
as iron flux to the blast-furnace charge. The resultant second matte, 
after roasting, was smelted with blast-furnace slag either in a lead or 
copper furnace. After two or three successive smeltings the enriched 
matte was sent to the copper works. The commonest practice today 
is to treat the matte in a small reverberatory furnace or to send the uncon- 
centrated matte to the converter. A flowsheet (Fig. 2) is shown for 
plant B. At plant A the flowsheet is somewhat similar, except that the 
drossed bullion is cast and sent direct to the refinery. By using the 
drossing reverberatory the costs of concentrating by roasting and resmelt- 
ing are largely avoided, and the variations of operation inherent in the 
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irregular arrival of impurities in the bullion are largely smoothed out. 
One plant sending matte from the lead blast furnace to the converters 
has found that the copper content ranges from 10 to 30 per cent, lead 
from 10 to 15, arsenic around 15, and sulphur around 20, while the amount 
of iron present is both large and variable, to make up the remainder of 


BLAST FURNACE 


IMPURE BULLION Pb-98.2, Cu-0.44, Fe-Nil,Si-Nil, As-0.05 to 0.20, Sb -0.85 to 1.2 


250 Ib. Silica 
15 |b. Lime 


ONE OF THREE 30-TON DROSSING KETTLES (Temp. 800°F.) 


DROSS (About 28°%o original bullion ) 
Pb-66.8,Cu-I5.2, Fe- 1.0, S-4.6, As-5.9, Sb-0.12 
750 Ib. Scrap iron 
DROSSING REVERBERATORY Capacity 30 tons, temp. 2600°F 


DROSSED BULLION 
Pb-984,Cu-0.15, As-0.05, Sb-1.2 


210 Ib. sulphur 
90-TON KETTLE (Temp. 630°F.) 


MATTE- SPEISS(13*/.Charge) SLAG (3.0% Charge) BULLION 
Pb- 20.2, Cu-45.4 Pb-4.9, Cu-2.95,S-0.6 (About the 
Fe - 8.6, S -14.6 Sb- 0.8, As-I.8, Si02-23,0 Same composition 


as blast-furnace 
As - 5.0, Sb-0,5t02.5 Fe-30.0,Ca0-149 bullion 


HULST DROSS (2.5 ton) BULLION 
Pb-86.6, Cu-4.3 Pb-98.2,Cu-001 
Fe - Trace, S- 6.2 As-0.04 to 0.16 
As- 0.45, Sb-0.12 Sb-1.25 


COPPER SMELTER 
ELECTROLYTIC REFINERY 
Fic. 2.—INcOMPLETE FLOWSHEEBT OF SOFTENING OPERATION, PLANT B. 


the matte. Typical analyses of the matte and speiss from the blast 
furnace of another local plant are as follows: 


ANALYSES, PER CeNnT 
= 


Propucr Cu Ps Fr As Ss 8 Zn CaO S102 
Va GHGS ie cian Gh iii eG. cahacateeesd ¢ 5.9 9.5 48.8 1.5 20.0 5.4 On8 
Spessa(low As)=...5000 00. 6.0 50.5) 17.8."8:0" <7.20 O16 =O komo 
Spelsse (high As)ix, cnc mows eon oan OO Omens 3.8 0.2 0.2 


In comparison, the following products are removed fairly consistently 
from the drossing reverberatory at the composition shown, the analyses 
being from two plants making different products: 


ANALYSES, Per Cent 


: Propuctr Psa Cu As Sp 5 Fr Toran 
DOIG vicrerchc ti enadeteg tata e ston beer aera 15.4 48.1 14.8 6.4 4.00 6.0 94.7 
IMIS SUG 3 ausic ar vie tans eee Reet 20..2° 45.4 5:0 J0;b= 1476" 18.600 9483 


DrossinG PRAcTICE 


After the dross has been charged into the reverberatory it is heated 
for about 2 hr. at 2400° to 2600° F., and slag is tapped. Scrap iron in 
amounts up to 2 per cent may then be added, and the same temperature 
held for 4 to 5 hr. longer. The fusion becomes quiet after about 2 hr. but 
is maintained for another 2 or 3 hr. to give pellets of lead an opportunity 
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to settle out. Lead is then tapped to the appearance of matte. Then the 
matte is tapped from the opposite side of the furnace and granulated by 
a strong jet of water. The granulated matte is loaded into cars and sent 
to the copper smelter for converting. 

In the endeavor to remove more of the lead, modified flowsheets have 
been tried, thus (1) no scrap iron has been added or (2) matte and speiss 
have been tapped separately. The addition of scrap iron up to 2 per 
cent lowered the amount of lead in the final matte-speiss between 3 and 
5 per cent, seemingly by replacing part of the lead combined with sulphur. 
No more benefit was derived by the addition of moreiron. It was thought 
at another plant that the addition of iron freed enough copper from Cus 
to form Cu;As, which retained less metallic lead than the Cu:s. 

A comparison of the following analyses of the mattes and speisses 
produced on settling the two separately and together showed that the 
amounts of lead contained in the two sets of products were about the same. 
The method of tapping speiss into pots was then abandoned, and the 
combined matte-speiss product is being granulated as before. 


Anatyses, Per CENT 
FE 


Propuct Cu Ps As 
MMiatnen(@ramUulated))... 68.0.6 «2,222 ere tees Xe OROR IP, Wah da!) 
Gpetss. (settled). 52.0. ec re ee ect eee ine 54.0 19.2 0.2 5.4 12.2 


The function of the sulphur in the Hulst process is supposedly to 
combine with the copper to form Cu8. As will be pointed out later, 
this reaction occurs to a certain extent. However, it has been found that 
the addition of nearly any fine material, including finely ground limestone, 
garden earth, etc., will cause copper to form a scum on top of the bath. 
The addition of such material seems to collect the finely dispersed copper 
and to act as a flocculator, as in flotation. It was found, however, that 
the copper content of the bullion could be lowered most by the addition 
of sulphur. Putting sulphur into the kettle dross does not seem to 
increase the lead content of the reverberatory matte, but it does lower 
the amount of arsenic from about 8 to 4.5 per cent: as noted, heating with 
sulphides causes more arsenic to volatilize. 

In general, it may be said that for a plant using a dross reverberatory 
the amount of arsenic volatilized and the composition of the other prod- 
ucts made (final matte and amount of lead separated) will vary with 
the amount of sulphides, copper arsenic and scrap iron added. The 
function of other ingredients added, as lime and siliceous ore, is chiefly 
to aid in charging the reverberatory. 


EXPERIMENTAL WORK 
Composition of Lead Dross, Matte and Speviss 


The products chosen for this study were from a plant treating a com- 
paratively simple ore, to avoid the large variations in the kinds of impurt- 
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ties in more complex ores. The analyses of the various types of matte, 
speiss and dross produced are given in Table 1. 


TaBLE 1.—Analysis of Matte, Speiss and Dross 


a a ae nneeenaeenl 


Analyses, Per Cent 
Total Photo- 


uct Product from Deter- | micro- 
i Ph. |-Gu | aa”) 8 8b ju Wedte acne eames 
Matte I... +. Dross reverb., |20.0/44.7) 2.7|16.9/0.19/10.4) 10.4 | 94.89 | Fig. 3 
start tap 
Speiss I..... Dross reverb., |20.2/43 .8/19.2} 3.1)1.16)10.0) 14.6 | 97.46 | Fig. 4 
start tap 
Matte II....} Dross reverb., |19.4/44.6| 2.3)17.0/0.43/10.9) 10.4 | 94.63 
end tap 
Speiss II. ...] Dross reverb., |20.2/44.1)14.9} 6.0/0.81) 8.3) 16.0 | 94.31 
end tap 
Matte III...| Dross reverb., |22.3/52.0) 2.9]13.5 1.0 91.7 i Bige5 
settled 
Speiss III. ..| Dross reverb., |26.7/47.5}12.0) 3.3 1.3 90.8 | Fig. 6 
settled 
Matte IV...| Dross reverb., |23.0)55.2) 2.9/12.4 0.6 94.1 
settled 
Speiss IV....]| Dross reverb., |18.7|/53 .3]15.0) 3.4 0.4 90.8 
settled 
Dross B..... Lead well 82.3) 1.5) 1.1] 3.50.06) 4.2) 57.2 | 92.66 
Dross I.....| Kettle No.1 (65.6/16.7| 7.6) 3.5)/0.25} 0.2) 41.9 | 98.85 
Dross II....| Feed reverb.* |66.8/15.2) 5.8) 4.6/0.12) 1.0) 40.2 | 93.52 
TD TOSss Lea Hulst 86.6) 4.3) 0.5) 6.2/0.12/ Tr. | 60.1 | 97.72 


@ Dross I mixed with Hulst dross. 


The samples of dross as taken contained a considerable amount of 
siliceous ore in rather large pieces, and these as well as the large pieces of 
dross were screened off. Only the minus 10-mesh material (which had 
about the same composition as the composite sample) was used for the 
study. It was found by sieve analyses that the majority of the sulphides 
and arsenides concentrated in the finest sizes; for instance, one minus 
200-mesh product contained some 10 per cent of arsenic compared with 
3.4 for the minus 10-plus 14-mesh material. Although there is a trend 
in the expected direction, the difference does not seem large enough to 
separate various ingredients by sieving the untreated dross. Methods 
employed in concentrating ores suggest themselves for separating the 
various ingredients, but only pyrometallurgical methods were tried. 

The dross samples were prepared for microscopic examination by 
fusing at a temperature of about 1250° C., and cooling slowly to allow the 
lead to settle as much as possible. The cooled samples were then sawed 
in half; one half was polished and the other reserved for chemical analysis. 
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Fic. 3.—Srctron or MaTTeE 1. X 200. 
, Showing primary CuFeS crystals D plus the eutectic E-D. Areas B are seams of 
metallic copper. The metallic lead, A, usually occurs with the included speiss 
erystals F. (Tables 1 and 3.) 
Fic. 4.STRUCTURE OF SPEISS. X 200. : 


‘Copper arsenide, F’; 1Cu.8.yFeS, D; metallic lead, A;and probably iron arsenide, G. 


a (Tables 1 and 3.) 
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The drosses had separated into two and sometimes three well defined 
layers. Dross I contained a top layer that was mainly sulphides; a 
middle layer of a mixture of sulphides and arsenides, and much metallic 
lead; and a bottom layer consisting mainly of metallic lead. Dross II 


Hirg;.5: Fia. 6. 
Fig. 5.—SEcTION OF MATTE III. X 200. 
Showing Cu2S(C), Cus8-PbS eutectic (C-H), metallic lead, A, speiss, F, and an 
unknown crystal J. 
Fig. 6.—Srction or spriss III. X 200. 
Showing Cu.S8(C); metallic lead, A; copper arsenide, F, and probably a higher 
copper arsenide, Z 


separated into the same kinds of layers, except that there was a smaller 
quantity of the middle layer. The Hulst dross comprised a top layer of 
sulphides, a center layer of metallic lead containing a considerable 


Pia, 7.—POoLisHED sEcTION oF pross I. X 1.5. 
Showing separation into matte, speiss and lead layers. 


quantity of sulphide material, and a bottom layer of metallic lead. Fig. 7 
illustrates the separation of dross I into these layers. The section of the 


a Peay so 
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photomicrograph, Fig. 8, is taken across the junction of the matte- 
speiss layers. 
The various dross samples were further separated along the dividing 


meniscus of the layers, which were analyzed separately, as ‘shown in 
Table 2. me 


Fia. 8. Fia. 9. 
Fic. 8.—MENISCUS DIVIDING MATTE AND SPEISS LAYERS OF DROSS, Fic. 7. X 200. 

Matte shows primary crystals of PbS (EF) in PbS-Cu.S eutectic (E-C). Dark 
areas are metallic lead. Speiss area shows copper arsenide partly transformed to E 
and also some matte that has not separated completely. (Table 3.) 

Fic. 9. STRUCTURE OF SULPHIDE LAYER OF HULST DROSS. xX 200. 

Light primary crystals are lead sulphide, Z. Cu.S occurs with PbS as eutectic 

E-C. The large crystal A is metallic lead. (Table 3.) 


TapLe 2.—Drosses Separated into Layers by Slowly Cooling 
Fused Melts 


Analyses, Per Cent 
Dross from Layer 
Pb Cu As Sb SS) Fe 
B==leadi welle. sa. acess ne Top 39.1 2.8 0.9 OUSuimiae Onl meland 
Bottom | 90.4 Lee 1.3 0.5 CO eee Oa 
eaketthle.sseneectsc ne ween sale Top 38.4 | 40.5 4.3 Onan 2 tel eeders 
Middle | 51.2 | 28.6 | 13.9 0.2 AG 
Bottom | 84.2 opel 4.6 0.7 0.6 
Niece tiblecmeieereis ters 6 cin xe oo Top AAY 6 | 30te. 3.4 O.42z11e7 0.4 
Middle | 78.0 8.9 7.8 0.4 120 
Bottom | 84.0 6.0 5.4 0.3 1.6 
ipl ja luli, cea eo cae Top 72), 4) 1223 0.4 Oe oron| be 
Middle | 91.5 4.2 0.6 0.3 Sarl 
Bottom | 96.1 0.8 0.6 0.1 1.0 
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CompouNDs PRESENT IN MatTT#, SPEISS AND Dross 
Methods of Identification 


The compounds could be more definitely identified by comparing the 
unknown crystals under the microscope with synthetic fusions of a known 
composition. Differences in color and hardness were relied upon nearly 
always. Various etch reagents applied by Short!* as to natural copper, 
lead, and iron sulphides and arsenides were used. By employing these 
methods the following compounds have been identified as occurring in 
the mattes, speisses, and drosses described. The artificial compounds 
were difficult to distinguish from the reactions of the etch reagents, so 
the following descriptions may be of service: 

Metallic Lead—This material is easily recognized; it does not take a 
polish and thus always appears rough and dark under reflected light. 
The extreme softness of this material is also an aid to its identification. 
Some of the metallic lead is found in the matte areas but the majority 
is closely associated with the arsenical material. 

In the ‘‘middle section”’ of drosses I and II (Table 2) the lead takes a 
fair polish, presents a much smoother appearance and is light brown. 
This same appearance of the lead was noted in some of the synthetic 
copper-lead-arsenic fusions and is no doubt due to the presence of arsenic. 
An accurate estimate of the amount of arsenic present cannot be made, 
but it is known that small smounts of arsenic harden lead appreciably, 
also that lead and arsenic are miscible in nearly all proportions in the 
liquid state. 

Metallic Copper.—Under reflected light this material shows a copper 
color and answers all tests for metallic copper. It occurs most frequently 
as long, thin seams or as small crystals within or adjoining the Cu.S-FeS 
crystals. This is probably the so-called ‘‘moss copper” discussed by 
Tiedemann and others. 

Cuprous Sulphide-—Under reflected light this material is gray-blue. 
The crystals usually present a rather smooth, uniform surface, and this 
compound is the softest one present. 

Cuprous Ferrous Sulphide—Under reflected light this material varies 
from a gray-blue to purplish blue, depending upon the quantity of FeS 
contained. As pointed out by Carpenter and Hayward", Cu.S may hold 
up to 50 per cent of FeS in solid solution. By comparing the smelter 
products with artificial fusion of FeS, it was found that FeS does not 
exist as individual crystals in the mattes or drosses under consideration. 
Crystals of this substance are light brown and present a rather rough, 
pitted surface. From consideration of the Cu.S:FeS ratio of the mattes, 
it has been determined that these crystals are CusS holding about 30 per 


* References are at the end of the paper. 
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cent of its weight of FeS in solid solution. The presence of FeS does not 
seem to destroy the identity of the CuS, which has the same eutectic 
structure with PbS, regardless of the presence of FeS. 

Lead Sulphides.—Under reflected light this material shows the 
characteristic whiteness of galena. The triangular pits that develop 
in polishing also serve as a means of identification. This substance shows 
a slightly higher relief than the cuprous sulphide. In all samples in 
which both cuprous sulphide and lead sulphide occurred together a 
eutectic of the two was formed, which was rather fine in texture and of 
typical structure. 

Copper Arsenides.—Under reflected light these crystals are various 
tones of white. The lavender modification of the compound CusAsz has 
been found in some of the dross sections. The arsenide present in the 
matte sections is probably CusAs, with some Cu;Asy in solid solution, as 
the crystals are dull white compared to the pure compound Cu;As». 
These crystals were identified by comparison with artificial fused copper 
arsenides, and their exact composition is doubtful. The substance is 
slightly harder than any of the sulphides. 

Iron Arsenides (Fe2As).—This crystal has not been positively identified 
in the drosses. Under reflected light it is a light cream and has a slightly 
ereater hardness than the copper arsenides. These crystals occur in 
long, narrow areas in the speiss section and may be a double arsenide of 
copper and iron. 

Included Slag.—Under reflected light these crystals appear dark brown. 
They are very small, present a smooth surface, and occur only near the 
top of matte sections, indicating a comparatively low specific gravity. 
This substance has only been found in the matte. 

Copper Antimonide (?).—In one of the later samples of matte contain- 
ing practically no iron (matte III) still another kind of crystal was found. 
Under reflected light this crystal appears pink and is soft. No effort 
has been made to identify this crystal positively; however, the anti- 
mony content of the matte (2.5 per cent) might suggest that it is a 
copper antimonide. 


Correlation of Chemical and M icroscopic Analyses 


The calculated percentage of each compound present in the various 
dross, matte and speiss products is given in Table 3. These calculations 
are not thought to give the exact percentages of all the compounds just 
listed as identified under the microscope, but afford some idea of the 
distribution of the major elements determined chemically. For example, 
chemical analyses indicated that the dross samples contained practically 
no iron, and microscopic examination showed no metallic copper. There- 
fore, the values given for the dross samples were obtained by calculating 
all arsenic to CusAsz (which will be within 2 to 3 per cent of the actual 
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arsenide present), the remaining copper to CusS, the remaining sulphur 
to PbS, and the remaining lead to metallic lead. Where enough copper 
was not present to form CusAs2 with the arsenic, the remaining arsenic 
was considered to be present with the lead in the eutectic percentage, as 
determined by Heike?, or approximately 3.1 per cent As. 

The microscopic study of the mattes, speisses and drosses from 
smelters showed that the compounds found in these products that exert 
the greatest influence on the amount of lead retained in the matte-speiss 
products occur in the copper-lead-sulphur, copper-lead-arsenic and 
copper-lead-iron-sulphur systems. Examples have already been given 
to show in general that drosses on being remelted and recooled divided 
into three layers that are mainly sulphides, arsenides and bullion. From 
an experimental study of the individual systems involved one then should 
predict accurately their behavior in a single melt. 


Puase Systems INVOLVED IN FORMATION OF Matrtrn-spEiss PRopDUCTS 


It is probable that many of the sulphide and arsenide systems with 
two base metals should each be considered as ternary rather than binary 
because of the difficulty of determining the composition of the end mem- 
bers. For the purpose of comparison the systems will be considered 
both as binary and ternary wherever the data are available. 


Lead-copper-sulphur System 


Fig. 10 shows that the Pb-Cu-S system may be further divided into 
several binary systems. The Cu-Pb system is described by Friedrich’. 
A diagram is given by Hofman’. Lead and copper are mutually insoluble 
in the solid state. In the liquid state the solubility curve cuts the liquidus 
at 953° C., the points of intersection corresponding to 15 and 65 per cent 
Cu. The upper point on the solubility curve is at 1025° C. The PbS-Pb 
system has been investigated by Friedrich and Leroux®, who show a 
curve dropping from the melting point of the sulphide to that of lead, 
with no eutectic point, and practical insolubility of the constituents in 
each other in the solid state. The present work shows a region of immis- 
cibility which extends from 4.9 to 9.7 per cent 8 at freezing temperatures. 

The Cu.S-Cu system behaves much the same as the Fe-S system. 
Here the eutectic lies at 96.2 per cent Cu and freezes at 1067° C. Copper 
and Cu.8 are practically insoluble in each other in the solid state. It 
has been found that Cu2S is the only compound of copper and sulphur 
existing in the fused state®. 

The Cu.8-PbS system as discussed by Fulton and Goodner’ is binary. 
The diagram shows a eutectic at a composition of about 51 per cent Cu.S 
with a freezing point of 540°C. The two branches of the liquidus drop 
in flat curves from the fusion points of PbS and Cu. (1114° and 1121° C.), 
respectively, to the eutectic point. The series is eutectiferous through- 
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out, implying but little reciprocal solubility of constituents in the solid 
state. These results agree very well with those of Meisner, who con- 
sidered the system as ternary (Fig. 10). The triangular diagram is 
divided into three smaller triangles by the lines Pb-Cu.S and PbS-Cu2S. 
In the first triangle, Cu-Pb-Cu.S, only three kinds of crystals exist. In 
the binary system, Cu-Pb, there is shown a region of partial miscibility 
in the liquid state from 35 to 85 per cent Pb; with the system Pb-PbS a 
similar region exists from 5 to 10 per cent S. Within this triangle there 
is a region of partial miscibility in which theoretically three liquid layers 
should occur. Actually, there is an emulsion of the two lower layers due 
to the presence of sulphur. In the second triangle Pb-CuS-PbS there 


J5%Pb 


S 
Fia. 10.—L®ap-cOPPER-SULPHUR SYSTEM. (After Meisner.) 


is a region of partial miscibility which falls very near the line PbS-Cu.S. 
Without the addition of lead there is no region of partial miscibility, but 
only a eutectic mixture. In the last triangle PbS-Cu.S-S the mixtures 
cannot be prepared without decomposition. 

The metallic copper that occurs in the matte samples is usually within 
or along the boundaries of the Cu,S-FeS crystals. In some samples, 
however, it was found adjoining areas of PbS-Cu.S eutectic (Fig. 3). 
Theoretically, copper should replace lead in galena, according to the 
reaction: PbS + 2Cu = Cus8 + Pb. Some further experimental study 
of the copper-lead-sulphur system was therefore desirable to determine: 
(1) whether the above reaction proceeds quantitatively, and (2) the 
amount of metallic lead retained in copper-lead mixtures containing 
varying amounts of sulphur. 


Cc. M. DICH, G. L. OLDRIGHT AND T. B. BRIGHTON 141 


For this purpose pure galena was mixed with pure copper, fused in 
porcelain crucibles, and allowed to remain at a temperature of about 
1300° C. for 2 hr. in the proportions shown in Table 4. With one excep- 
tion these fusions, which all lie on the line PbS-Cu (Fig. 11) proved to be 
divided into two layers with a rather sharp line of demarcation. In 
fusion No. 1 the small amount of metallic lead that had formed occurred 
as small drops distributed throughout the section. The quantity of 
the lower layer, which consisted mostly of metallic lead, of course, 
increased with the amount of metallic copper added. The results of this 
series of fusions are given in Table 4 and summarized in Fig. 11. 


PbS 
Fic. 11.—LeaAp-cOPpPER-SULPHUR DIAGRAM, WITH PARTICULAR REFERENCE TO SYSTEM 
LEAD-COPPER SULPHIDE-LEAD SULPHIDE. 


Under the microscope, the upper layers of fusions 1, 2 and 3 show 
primarily crystals of PbS in a eutectic of PbS and Cu.S together with 
small amounts of metallic lead. Fusion 4 shows primary crystals of 
Cu.8 in the eutectic, and also small drops of metallic lead. Here we 
are on the CuS side of the eutectic point, which, according to Meisner, 
lies at about 51 per cent Cu.8. Fusion 5 shows only Cu,S containing 
small amounts of lead and fusion 6 the same, together with a small amount 
of metallic copper. 

The position of point 5 on the line Pb-Cu.8 (Fig. 11) clears up the 
first point in question; namely, that the reaction for the replacement of 
lead in galena by copper must be a quantitative one as written. If this 
were not true, some copper would be present in the fusion, which would 
place the point within the part triangle Pb-Cu-Cus. Although the 
microscope showed a very small amount of metallic copper in the lead 
layer, this may be accounted for by considering the loss of sulphur in 
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fusing. The coexistence of metallic copper and lead sulphide in the 
sections of mattes from smelters, then, is due either to insufficient contact 
of the two within the furnace, which is highly improbable, or to a modify- 


Fig. 12.—SEctTION OF FUSION 3. X 200. 
Primary PbS in PbS-Cu,S eutectic. (Table 4.) 


ing effect of some other ingredient. Iron sulphide, which reacts with 
copper-sulphur mixtures at comparatively low temperatures to give the 
so-called moss copper, is probably the main modifier”. (Compare 


TaBLE 4.—Upper Layers of Cooled Fusions in the System Lead-copper- 


sulphur 
Analyses, Per Cent feet mbes 
Fusion Layer 1 eae 
Cu Pb pi a Metalite 2 aiebs Cu 

1 yet te tel egal | IS Pay? 4.9 40 2 els 10.0 

2 Top 14.0 | 72.5 | 13.5 1.4 40 Deol 24.9 
2 Bottom 2.8 | 95.4 ib te: 

3 Top OL SAPP SIR Ge Lace oko 40 10.64 50.0% 
3 Bottom 0.8 | 98.5 0.7 

4 Top 49.7 | 34.0 | 16.2 9.4 40 15.93 74.8 
4 Bottom 0.6 | 97.9 OF5 

5 Top GTO eke b oes 14.9 40 21.28 100.0 
5 Bottom 5.7 | 92.8 ues 

6 Top GSea WSs 8) tat 40. 23.38 100.7 
6 Bottom | 10.3 | 87.3 0.6 


« Per cent of stoichiometric for the equation PbS + 2Cu = Cu.S + Pb. 
> Fig. 12. 


Fig. 3, of material containing iron and metallic copper, with Fig. 5, of 
material having no iron and no metallic copper.) That this separation 
of metallic copper is due to the presence of iron is further evidenced by - 
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the fact that matte-speiss samples that do not contain iron do not show 
metallic copper. This is true even when the copper content of the iron- 
free mattes reaches 55 per cent. 

The amount of lead retained by Cu-Pb-S mixtures has been deter- 
mined by Meisner, whose results are summarized in Table 5, and Fig. 10. 
He found only small amounts of metallic lead retained by PbS-Cu:-S 
mixtures. As a check on this work the composition of the upper layers 
of the fusions of Table 4 were placed in the diagram (Fig. 11) and are 
indicated by triangular points. The first five all lie within, or on, the 
boundary lines of the part triangle PbS-Cu.S-Pb. This shows that all 
the copper present in the upper layer of fusions 1 to 5 is probably combined 
as Cu.8. On this basis the amounts of metallic lead present in the upper 
layers were calculated and are included in one of the columns of Table 4. 
The quantity of metallic lead retained evidently corresponds to the 
solubility of the lead at the temperature of solidification, which was 
probably about 1100° C. It is to be expected, therefore, that the amount 
of lead retained by either pure Cu.S or pure PbS will be greater than that 
retained by mixtures of the two, since the temperature of solidification 
of the eutectic lies at about 540° C. The following) summarizes the 
calculations made: 


CALCULATED PER CEnrT 
Pss 


Fusion Cu28 Metatuic Ps 
sl <0 88.1 4.9 
2 17.5 81.1 1.4 
3 39.8 56.9 3.3 
4 62.2 28 .4 9.4 
5 85.1 0.0 14.9 


Fusion 1 probably does not represent a true equilibrium because enough 
lead to form two layers was not present. 

It is reasonable to expect that the amount of metallic lead retained 
by these fusions would be considerably influenced by: (1) temperature 
of fusion, (2) time the fusion is allowed to remain in the molten state, 
and (3) quenching. To determine the effect of these factors, four series 
of fusions were made, the results being summarized in the following 
paragraphs. The samples were heated in a muffle at temperatures from 
1000° to 1300° C. for periods of 14 to 3 hr. and then cooled at various 
rates. Since we are here concerned primarily with Cu.8-PbS mixtures, 
all of the following fusions were made to come within the part triangle Pb- 
S-Cu.8-Pb. The amount of metallic lead was calculated, starting with 
the assumption that all copper is combined as Cu.S8, as was done above. 

The temperature of fusion of PbS-Cu.8-Pb mixtures seems to have 
little relationship to the amount of metallic lead retained by the cooled 
sulphide layer. Less lead was retained by the mixtures that were held 
fused more than 2 hr., particularly mixtures containing some 60 per cent 
and more of Cu.S, or mixtures that approached pure PbS. The fastest 
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rate of cooling was to drop the temperature from 1300° to 1000° C. in 
30 min. When the melts were cooled at slower rates within the limits 
of the experiments there was but little lessening in content of metallic lead. 

For many samples equilibrium is reached after a period of about 2 hr. 
in the molten state, irrespective of the temperature employed. Once 
equilibrium has been established, the solubility of lead in the mixtures is 
evidently that obtaining at the freezing temperature of the melt. The 
results would indicate that this equilibrium is reached rapidly enough so 
that the temperature at which the melt is made exerts little influence on 
the amount of metallic lead retained. 

Although the diagrams show that lead is soluble in pure PbS to the 
extent of 20 to 25 per cent and in pure Cu. about 15 to 20 per cent, these 
substances cannot be held responsible for the reaction of much of the 
metallic lead in the smelter mattes since, as shown, the matte consists of 
the mixtures of the two sulphides that contain only minor quantities 
of lead. 


Copper-iron-lead-sulphur System 


The investigation of the Cu-Fe-Pb-S system also was started by the 
use of a number of pseudobinary diagrams. 

FeS is shown by Fulton and Goodner to be a chemical compound 
and the lowest artificial iron sulphide. The eutectic between Fe and FeS 
has a composition of 16 per cent Fe and 84 per cent FeS and freezes at 
970° C. The components of this 
eutectic are solid solutions of Fes. 
(Leitgebel® states that sulphur is not 
held by iron in solid solution.) Sul- 
phur is not appreciably volatile from 
FeS at temperatures below 1500° C. 

The system PbS-FeS was investi- 
gated by Weidmann’ and the related 
system PbS-Fe7Ss by Friedrich" with 
practically the same results. These 
investigators show a eutectic com- y 

a: PbL#2 
position of about 26 per cent FeS, PbS 
with a freezing point at 782° Cc, Fie. bee ee tic siel v0 SYSTEM. 
The two branches of the liquids drop 
in almost straight lines to the eutectic point from the fusion ts of PbS 
and FeS. The system is eutectiferous throughout, implying but little 
reciprocal solubility in the solid state. In the more recent ternary system 
Pb-Fe-S by Leitgebel last quoted (Fig. 13) the triangles represent the 
composition of the upper layer resulting from cooling fused mattes of 
original composition represented by the correspondingly numbered dots. 
From the diagram it can be seen that metallic lead is soluble in liquid FeS 
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to the extent of about 30 per cent (point 2). Thus fromthe curveit would 
appear difficult to free all of the lead from a copper-lead matte containing 
much iron sulphide. An increase in the amount of metallic iron beyond 
point 3 separates no more lead, owing to the corresponding amount of 
FeS formed. The eutectic composition (E.P.) between FeS and PbS 
given here is approximately the same as that noted above. 

The equilibrium diagram for Cu.S-FeS as determined by Carpenter 
and Hayward!" is produced in Fig. 14.__The system forms a solid solution 
at the FeS end of the series with limiting solubility at about 92.5 per cent 
FeS and at the Cu.S end of the series with the limiting solubility at 50 
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Fic. 14.—Copprr SULPHIDE-IRON SULPHIDE SYSTEM. (Carpenter and Hayward.) 


per cent Cu.8. The eutectic range in the solid state extends from about 
92.5 to 50 per cent FeS. A transformation in the solid state at high tem- 
perature between the same limits is also present. The eutectic composi- 
tion lies at about 68 per cent FeS and has a melting point of 995° C. 
There are no indications of the presence of chemical compounds and no 
evidences of transformations in the solid state at low temperatures, 
Tiedmann” and Reuleaux!® have studied the copper-iron-sulphur 
system and its relation to copper-iron mattes. Tiedemann’s results 
explained the possible presence of various copper-iron-sulphur compounds 
which have been reported found in copper mattes, and also the formation 
of moss copper. Fig. 15 shows the position in the ternary diagram of 
the various copper-iron-sulphur minerals. With one exception all these 
minerals occur on the line connecting CusS and Fe.S3. The closed line 
of the figure shows the area in which moss copper was observed. Accord- 
ing to these investigators the maximum separation of moss copper occurs 
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between 60 and 62 per cent Cu. Above 71 per cent and below 6 per cent 
Cu, it completely disappears. Fig. 15 gives the boundaries of the types 
of crystals found in copper mattes. In section a only the pure Cu.S was 
found. In part b, a structure designated by Reuleaux as ‘‘decomposition 
structure” was observed, being a mixture of 2Cu.S.FeS that had changed 
to (Cu.8)5Fe.S; and metallic copper. Since the percentage of iron in 
copper-lead mattes seldom exceeds 10, the other sections have little 
application to the present work, but are of great interest mineralogically. 
Section c contains bornite and metallic copper; section d shows the three 
kinds of crystals, chalcopyrite, bornite and ferrous sulphides; section 
contains chaleopyrite and ferrous sulphide; and section f contains only 
ferrous sulphide. 


Cu 


\Ix 


Whi 


eID, , OKI 


Fic. 15.—IRoN-cOPPER-SULPHUR SYSTEM. (After Tiedemann.) 
Area 6 region of moss copper. 


It has been shown that a considerable amount of lead sulphide exists 
in some mattes. Excluding any possible effects of the other constituents 
of the matte, the addition of iron should replace the lead in lead sulphide 
and thus lower the final lead content. As a mixture of FeS and Cu8 
fuses at a lower temperature than pure Cu.8, the mixtures would contain 
less lead at their freezing points. Thus the addition of iron to a certain 
point might lower both the sulphide and metallic lead content of the 
matte. This effect is illustrated by the fusions in Table 6, which were 
made by melting together commercial FeS (FeS containing metallic iron) 
with Cu.S and lead in various proportions. The analyses are of the matte 
layer only. As Leitgebel noted, the addition of metallic iron beyond a 
certain point lowers the percentage of content of the lead but little, even 
if the addition in weight caused by the iron is overlooked. 

Hagg'4 has made a more recent study of iron-arsenic alloys containing 
up to 56.9 per cent As than is given by the international Critical Tables 
or by Friedrich (ref. 10, 131). It was found that Fe holds about 5 per 
cent As in solid solution at room temperature. With increasing arsenic 
the first compound is FezAs. No Fe;As2 was revealed by X-rays; how- 
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ever, microscopic study indicated such a compound to be stable above 
795° C., below which it breaks down to Fe.As and FeAs. 


Tasie 6.—Effect of Addition of FeS Plus Fe to Amount of 
Lead Retained by Various FeS-Cu,S-Fe-Cu Mixtures 


Percentage of Ingredients Present* 
Analyses, Per Cent, Computed 
to Total of 100 

Fusion No. As Sulphides As Metals 
Cu Fe Ss) Pb FeS Cus Pbs Fe Cu Pb 
1 62.2 OPO eESeSa 182220 0.0} 77.9 0.7 0.0 0.0 | 21.4 
2 57.8 isier Ault lige stes || Gey 8.2 | 72.4 Le} 0.0 0.07 sr59 
3 H2sOn Plead Lost al wie oalel desoiaD oe. 0.0 0.0 S23 || ol agiee 
4 46.6 | 17.3 | 20.5 | 15.6 | 27.2 1 52.6 0.0 0.0 4.6 |] 15.6 
5 AT TOR E23c 3. |e 2L. Onl Loe2elesonie| 40d 0.0 0.0 9.4 | 18.2 
6 36.0 | 29.9 | 23.2 | 10.9 | 47.1 | 29.8 0.0 0.0 | 1222501059 
2 29.0 | 37.3 | 22:9 | 10.8 | 58.7 7.4 0.0 0.0 | 28.1 | 10.8 
8 20.6 | 45.4 | 23.3 | 10.7 | 63.7 0.0 0.0 5.0 | 20.6 | 1027 
9 13.6 | 52.2 | 23.3 | 10.9 | 63.7 0.0 0.0 | 1158 | 13651089 
10 COR ROOMS 2287510. 2a G20 0.0 OLOMEZOR7, Oe vee 
11 66.0 | 24.9 9.1 | 68.2 0.0 0.0 | 22.7 0.0 SE] 


* Computed by assuming Fe has first claim to §, then Cu, and last Pb. 


According to Hofman", speiss having a composition that lies between 
Fe2As and Fe,As is fine grained and viscous when melted and is likely 
to keep the lead suspended. Speiss of the composition Fe;As is moder- 
ately fusible and quite liquid when melted, and retains only a few shots 
of lead. On the other hand, speiss containing the proportion FesAs and 
higher in iron is supposedly as harmful as those containing less iron. 
(These statements do not entirely agree with present experimental work, 
where it was found that the least lead was retained in mixtures of the 
approximate proportion Fe;As.) The structure of this speiss was found 
on microscopic examination to be mainly a eutectic between solid solution 
and Fe.As, with a small amount of primary Fe.As crystals. 


Copper-lead-arsenic System 


Of the three binary systems here involved, the copper-lead diagram 
is the most definitely established. Although various investigators have 
studied the lead-arsenic and copper-arsenic systems, there is still much 
room for debate as to the correct interpretation of their results. 

The International Critical Tables [(1927) II, 414] show a simple 
diagram for the system Pb-As with two branches of the liquidus dropping 
from the fusion points of arsenic (825° C.) and of lead (327° C.) to a 
eutectic point at about 95 per cent As and a temperature of 288°C. No 
solubility was noted in the solid state. Heike? found the two elements 
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freely soluble in the liquid state, while solid arsenic was completely 
insoluble in solid lead and crystalline lead only slightly soluble in crystal- 
line arsenic. No chemical compounds were observed. The eutectic 
occurs at 288° C. and 8.25 atomic per cent, or about 3.1 weight per cent 
As. These results are confirmed by Pushin”. 

The Cu-As system has been studied by Bengough and Hill!’ and by 
Friedrich!8. The diagram as determined by Bengough and Hill is repro- 
duced in Fig. 16. The liquidus between 0 and 44 per cent As consists 
of five branches, along which the five phases a, §, ¥, € and » began to 
separate from liquid. The phase a can hold about 3 per cent As in solid 
solution at the ordinary temperature. A first eutectic pot occurs at 
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Arsenic, per cent. 
Fic. 16.—CoppER-ARSENIC SYSTEM. (Bengough and Hill.) 

21 per cent As, and its solidification temperature is 685° C. The con- 
stituents of the eutectic are the a phase and the B phase, which is con- 
sidered to be the pure compound Cu;As containing 28.3 per cent As. The 
branch of the liquidus along which the phase y begins to separate from 
the liquid alloy is almost horizontal for a range of about 4 per cent; that 
is, until a concentration of 32.2 per cent As is reached. The composition 
corresponds to that required by the formula Cu;As2, and the authors 
adopt the view that such a compound does exist between CusAs and 
Cu;Asy. The polymorphic change occurring at 710° C. is evidently an 
inversion of the compound CusAs2, which follows the compound into 
its solid solutions in both directions. The € phase is assumed to be 
Cu;As2, holding about one per cent of an unknown phase, , in solid solu- 
tion. The inversion at 305° C. appears to be a polymorphic change 
the unknown phase 2. 

Another copper-arsenic diagram is given by Gulliver”, which repre- 
sents a composite of the works of Friedrich and Bengough and Hill. The 
arrangement of the diagram between 29 and 32 per cent As is disputed. 


150 DROSSES IN LEAD SMELTERS 


Gulliver adopted the view that only the compound Cu;As separates at 
930° C, As drawn, the transition at 305° C. represents a transition of 
the Cu;As2 phase, which has an incongruent melting point. 

The interpretation of Fig. 16 as given by Bengough and Hill was 
roughly confirmed by fusing the copper and arsenic in the following 


Fig. 17.—TRANSFORMATION OF y TOe. As, 32.0 PER CENT. X 200. 
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I'ia, 18.—CoprErR-ARSENIC-LEAD SYSTEM, SHOWING AREA OF IMMISCIBILITY (TWO-LAYER 
SYSTEMS). 


proportions, cooling, and examining them under the microscope by the 
methods noted previously: 


PrRcENTAGES PERCENTAGES 
Fusion No. U As Fusion No. Cu cS} 
1 94.3 5.2 4 62.3 36.4 
2 70.0 29.1 5 61.8 37.2 
3 67.6 32.0 
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The analysis and microscopic study of these alloys indicate that the 
compounds Cus;As and Cu;As2 probably do exist. Under the microscope 
fusion 1 looks very similar to metallic copper. No. 2 consists only of a 
hard; bluish gray crystal. No. 3 consists of a hard unit substance, prob- 
ably y, which is usually at least partly transformed to a blue modification 
(Fig. 17). Fusions 4 and 5 consisted of primary white crystals in a 
eutectic that was assumed to consist of 7 and z. 

For the investigation of the ternary system copper-lead-arsenic, 
thermal and microscopic analyses were made of 19 alloys lying within 
and 10 alloys outside of the immiscible areas. These results are sum- 
marized in Tables 7 and 8 and shown in Fig. 18. Fusions in which two 
layers occurred are designated by letter and are indicated in the diagram 
by open points, while those in which only one layer was found are desig- 
nated by numerals and solid points. 

All alloys of which the arsenical content did not exceed that required 
by the formula CusAs behaved identically under the microscope and 
thermally as pure copper-arsenic alloys, except that the freezing points 
were lowered somewhat by the presence of lead (alloys Ato H). With 
more arsenic than is given by this composition, however, there appears 
to be considerable deviation both in thermal arrests and the microscopic 
appearance. Heats of transformation of the y and x crystals probably 
were not strong enough for observation, since the melts contained only 
35 grams of the alloy, about one-third of which was lead layer. y, €, 
and 7 crystals were identified in these melts, and in addition a new kind 
of crystal (z) appeared (Fig. 22), which seemed to increase in importance 
with an increase in arsenic content. 

The compound z, which probably has a platy crystalline habit, could 
not be definitely identified and may be either the compound x or some 
ternary kind of crystal. With the exception of z, all crystals are readily 
attacked by copper-ammonium chloride or nitric acid; z isslowly attacked. 
Lead always is segregated more strongly along the crystal boundaries 
of z, indicating a greater solubility of lead in this constituent. 


SuGGESTED CHANGES IN THE Drossina FLOWSHEET 


Thus far, two main forms in which lead is retained in the matte-speiss 
product of the softening plant have been determined: (1) as lead sulphide 
and (2) as metallic lead in suspension or in solution in various sulphides 
and arsenides. 

The presence of lead sulphide in matte-speiss (from plant B, Fig. 2) 
is undoubtedly largely due to the addition of much sulphur to the drossing 
reverberatory in the form of Hulst dross. The analysis of the Hulst 
dross (Table 1) shows that about 7 lb. of lead sulphide is drossed from 
the Hulst kettles for every pound of Cu. obtained, or about 84 per cent 
of the sulphur contained in the Hulst dross is combined as Boa Lt 
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copper could be removed from the bullion by the addition of less sulphur 
to the Hulst kettle, considerable combined lead could be kept out of the 
reverberatory. Also, if the copper could be removed from the bullion 
by some other method than by the addition of sulphur, even better 
results might be obtained in the reverberatory. The amount of arsenic 


TaBLE 7.—Thermal and Microscopic Analyses of 29 Alloys within and 
without Immiscible Areas 


Chemical Analyses, Per Cent# 
Fusion Layers Upper Layer Lower Layer dpe 
Cu | Pb | As Cu | Pb | As 
WiTHIN ImmiscrsLtE AREAS 

A 2 61.4] 31.2 3.3 x Wi Ba | 87.5 0.4 

B 2 68.8 29.3 5.6 Chel 92.7 0.2 

C 2 73.1 13.2 10.5 4.2 95.5 0.3 Fig. 19 
D 2 74.5 4.4 17.9 1.5 98 .4 O01 

E 2 73.5 4.8 18.0 1.4 98 .4 0.2 Fig. 20 
F 2 71.3 4.3 20.8 1.3 98.5 0.2 

G 2 63.8 10.0 24.4 2.0 97.2 0.8 

H 2 63.6 SEL 22.8 2.2 97.2 0.6 Fig. 21 
I 2 61.2 12.8 24.9 Zl 95.3 2.6 

A 2 59.6 13.3 24.9 3.0 92.7 4.3 

K 2 59.0 13.6 24.6 2.8 92.0 3.8 
L 2 yf al 15.1 25.1 3.5 90.4 6.1 Fig. 22 
M 2 57.4 15.0 24.5 2.6 92.9 4.5 

N 2 55.5 18.0 24.5 3.4 90.7 5.9 

O 2 49 .4 23.6 24.1 4.9 85.9 7.6 

Ie 2 49.2 24.9 23.7 5.0 87.6 7.4 

R 2 44.5 28.5 23.9 5.8 84.0 8.5 

s 2 43 .6 30.6 24.1 6.8 81.4 10.2 

T 2 42 .4 33.0 24.0 7.6 80.8 10°1 

WirHouT IMMISCIBLE AREAS 

1 1 45.9 26.4 25.4 

2 1 42.3 26.0 28.0 

3 1 33 .2 42.2 22.6 

4 i 28.4 48.2 23.4 

5 1 37.5 22.4 36.3 

6 il 46.8 8.8 39.5 

if 1 51.5 2.9 40.3 

8 1 50.8 4.2 39.9 

9 1 allel 27.0 36.2 

10 1 20.3 43 .2 31.0 


* For critical points see Table 8. 


ee ae 


C. M. DICH, G. L. OLDRIGHT AND T. B. BRIGHTON 


153 


TaBLE 8.—Microscopy of Layers of Fusions of 24 Alloys 


———_ YO OOYOrm""'’ 


Temperature, Deg. C., 
of Critical Points 


Microscopic Appearance 


Fusion| Layers 
1 2 3 4 Upper Layer Lower Layer 
A 2 930 | 670 325 | Primary awithleadinlarge|Lead with network of 
drops. Also a small] copper. 
amount of a-b eutectic. 
B 72 882 | 670 320 | Primary a crystals in a-b| The same. 
eutectic. Lead associated 
mostly with a crystals. 
2) 812 | 670 320 |The same with a larger | The same. 
amount of a. 
D 2 670 325 a-b eutectic. Uniform dis-| Lead plus a small quantity 
tribution of lead in small | of a crystals. 
drops. 
E 2, 672 320 |The same with a small | The same. 
quantity of b. 
F 2 753 | 673 $25 Primary b in a-b eutectic. The same. 
G 2 772 | 670 314 Primary } in a-b eutectic. | Lead plus a and 6 crystals. 
Lead in } as large drops. 
Small drops in eutectic. 
H 2 805 | 670 323 The same. The same. 
I 2 787 | 570 | 410 |280\ |g crystals partly trans-|Lead with some g and e. 
formed toe. Someleadas| Lead here is light brown. 
J 2 780 290 large drops |within the 
crystals and considerable 
lead segregated along the 
erystal boundaries. 
K 2 770 290 The same. 
L 2 756 | 525 286 Mostly e with a small | Lead plus g, e and x crystals. 
M 2 792 | 580 | 420 |288 amount of g, plus an un- 
identified crystal x. 
N 2 772 | 530 285) | Lead very soluble in the x 
crystals. 
Oo 2 758 | 510 | 412 |280 The same. 
iP. 2 750 | 510 290 The same. 
R 2 750 405 |290 | Mostly n with a small 
Ss 2 722 401 |290 amount of d, plus consider- | Lead plus n, d and z. 
Tr. 2 724 418 |290 able zx. Lead again segre- 
gated mostly along the 
crystal boundaries of 
indicating greater solu- 
bility in this crystal. 
1 1 720 408 |285 The same. The same. 
2 1 675 455 |287 The same. The same. 
3 i 725 410 |290 The same. The same. 
4 1 680 416 |285 | The same. The same. 
5 i 570 | 514 280 e with some g crystals, and | Lead plus ¢, g and zx. 
also some x. Lead again 
segregated around x crys- 
tals. 


Se ee es SS Se 
a Column 1 corresponds to the segregation of primary crystals. 
Column 2 corresponds to the segregation of eutectic or binary mixtures. 
Column 3 probably represents a ternary eutectic. 
Column 4 corresponds to the freezing of the lead layer: 


154 DROSSES IN LEAD SMELTERS 


plus sulphur should, however, suffice to satisfy the copper as copper 
arsenides and sulphide. 

As shown, although lead is soluble in iron sulphide, usually there is 
not much of this compound present, particularly when metallic iron 


Fic. 19.—Po.isHED SECTION OF FUSION C. X 200. SHOWING PRIMARY a@ CRYSTALS 
IN a-B EUTECTIC. DARK AREAS ARE METALLIC LEAD. (TABLE 6.) 
Fic. 20.—Fuston E a-8 BUTECTIC WITH LEAD DISTRIBUTED THROUGHOUT IN VERY 
SMALL DROPS. X 200. (TABLE 6.) 
Fic. 21.—Fusion H. Primary 8 WITH SMALL AMOUNT OF FIRST EUTECTIC. DARK 
gAREAS, METALLIC LEAD. X 200. (TABLE 6.) 
Fia. 22.—F usion L, y PARTLY TRANSFERRED TO € AND ALSO Z. 
.Note segregation of lead around the Z crystals. X 200. (TaBur 6.) 


is not added in treating drosses. Practically all of the lead retained as 
metallic lead in matte-speiss products containing little iron may be 
attributed to the solubility of lead in copper sulphide and, more especially, 
in the various copper arsenides in the liquid state. The amount of lead 
thus soluble is a function of the composition and amount of the sulphide 
or arsenide involved. It has been shown that the amount of metallic 


eh i Alp mm. ee 


a lg, mn Ag eR a a 
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lead soluble in Cu.S may be lowered by the presence of certain amounts 
of either PbS or FeS, one or both being nearly always present. 

Two main factors present themselves in the consideration of this 
problem; first, the amount and form of combination of the copper, and, 
second, the amount of arsenic that reaches the base bullion. If the ratio 
of copper to arsenic that reaches the dross could be raised, less lead should 
be retained, since up to certain ratios (Table 9) copper arsenides con- 
taining a smaller percentage of arsenic dissolve less lead. There should 
be between 3.4 and 4.1 per cent Cu present for each 1 per cent As. Par- 
ticular attention is called to the photomicrographs in connection with 
the table. The relative amounts of lead retained by the various copper 
arsenides may not only be checked against the chemical analyses but the 
manner in which the lead is retained in each sample is also clearly shown. 


Taste 9.—Amounts of Metallic Lead Retained by Alloys Containing 
Varying Proportions of Copper and Arsenic 


ee ae a 


Eoease | Gude | Pb, Ber | Photomioro-| Aoscaide | Gude | Fh ze | Pecsemiore 

A 18.6 31.2 K 2.4 13.6 

B 12.3 29.3 L 2.3 15.1 Fig. 22 
C weO 13.2 Fig. 19 M 2.3 15.0 

D 4.1 4.4 N 2.2 18.0 

E 4.1 4.8 Fig. 20 O 2.0 23.6 

F 3.4 3.4 a PA Al 24.9 

G 2:6 10.0 Q 1.8 28.5 

H DU 9.1 Fig. 21 R 1.8 30.6 

I 275 12.8 S if 33.0 

J 2.4 13.3 Matte-speiss 2.0 to 2.3 19 to 27 


eben | er 

The percentages of lead given in Table 9 are those soluble in the 
various copper arsenides at temperatures just above the freezing points 
and could be expected to increase materially with a rise in temperature. 
Thus, even though the lead smelter should succeed in obtaining the 
correct Cu-As ratio for the speiss in the drossing reverberatory by remov- 
ing more of the arsenic in the sintering operation, the common method of 
granulating the speiss in tapping this liquid from the reverberatory would 
cause considerable lead to be retained in the quenched product. The 
amount of lead retained may be decreased by tapping into pots, freezing 
the arsenide, and finally separating the still molten lead from the speiss 
layer. By this means it should be possible to obtain a rich product from 
the copper reverberatory containing only 4 to 6 per cent Pb. 

The amount of copper and arsenic in the dross might be lessened in 
one of several ways: 

1. It has been pointed out as a metallurgical possibility that copper 
and arsenic may be removed as a separate concentrate in milling some 
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lead ores? in which copper and arsenic occur mainly as minerals in the 
tetrahedrite-tennantite series. 

2. More of the arsenic might be volatilized during the sintering opera- 
tion by the addition of pyrite or coke to the regular sinter charge, perhaps 
by giving the sintered cake a third pass over the Dwight-Lloyd machines. 

3. It might be possible to crush and roast either part or all of the final 
speiss product with pyrite, and thus remove enough arsenic so that upon 
remelting (perhaps with a little reducer) at least part of the lead would 
be liquated out. 

The roasting of copper, iron, and nickel arsenides has been described 
by Tafel and Loose?!. In this process the removal of arsenic is attributed 
partly to the reducing action of SO2 and partly to the decomposition of 
arsenates and arsenites by SO3. It is also thought that such volatile 
compounds as As:S3 are formed. These points were checked experi- 
mentally by roasting a copper speiss with various mixtures of pyrite, 
charcoal, sulphur and SO,. Arsenic was roasted off most effectively by 
the addition of sulphur in some form. 


Effect of Precious Metals upon Drossing Practice 


The distribution of the precious metals among the products made in 
drossing may greatly influence the scheme of drossing followed. For 
instance, it is usually desired to throw the precious metals with the lead 
bullion, and to keep them out of the matte and speiss. It is also desired 
that the antimony be kept in the bullion when the latter is to be refined 
by the Betts process. 

In an attempt to reduce the metallic lead retained in the reverberatory 
products by increasing the copper-arsenic ratio, it was found that the 
unsatisfied copper combined with the antimony of the bullion; in fact, 
antimony might be drossed from bullion by adding copper. The copper 
antimonide formed dissolved much of the gold from the bullion, as noted — 
in the following analyses of matte-speiss from the drossing reverberatory: 


APPROXIMATE 
ANALYSES WEIGHT OF 
Oz. pER TON Prr Cent Propuct Maps, 
Au AG Cu Ps As Sp 5 Fr Tons 
Matte ttn 2 .. cn OF1GS 15.6 64760012.00 0) foe On bes anOrs 4 
SCION cc sytetie at 10.48: 76957 585421556 “7240 “114 Ol ves0. 3 6 


Under the microscope, the matte sample showed mainly Cu.§, with 
some metallic copper and metallic lead in small drops, apparently 
squeezed out of the CusS melt upon solidification. No sulphide lead 
was found. The speiss sample showed Cu,Sb, together with copper 
arsenide and metallic lead. No metallic copper was noted. 

Thus, when the precious-metal content of the matte-speiss product 
is of no consequence, a comparatively high-grade product may be pro- 
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duced by decreasing the sulphur and arsenic content of the reverberatory 
charge. When the gold and silver content of the product is important, 
the rich-lead, poor-gold speiss originally produced might be roasted 
and remelted in the absence of antimony to liquate out some lead. 


SUMMARY 


It is obvious that the amounts of copper, arsenic, and sulphur com- 
pounds fed to the blast furnace should be as small as possible without 
overbalancing economic losses. It saves handling of impurities to remove 
them as early as possible in the metallurgical flowsheet. The following 
places suggest themselves: 

1. Concentration. Minerals of copper and arsenic may be removed 
from some ores in the concentrator. If so, this is the best place to 
remove them. 

2. Roasting —Arsenic may be most readily volatilized in the roasting 
operation. Arsenical compounds do not volatilize rapidly from the 
Dwight-Lloyd machines when coke is not added to the charge. It is 
indicated that hearth furnaces are more effective for this purpose. Arsen- 
ical compounds volatilize more rapidly when heated with sulphur, pyrite, 
or coal. Arsenic may be removed from flue dust, returned crushed 
speiss, etc., by roasting with such reducers in a furnace of the Wedge type. 

3. Blast Furnace.-—An open and porous charge and conditions to 
produce As,O3 within the furnace assist to volatilize the arsenic most 
rapidly. But little arsenic is likely to volatilize after metallic lead is 
liquating out freely. Iron and sulphur assist as reducers. Iron replaces 
lead from the sulphide and, by forming speiss with the arsenic, keeps this 
ingredient out of the bullion. (Too much iron in the basic slag may 
combine with enough arsenic and sulphur to put copper in the bullion.) 
Copper also takes up arsenic, although it is another impure product to be 
handled, and once it enters the blast-furnace charge it may thus help 
to make cleaner bullion. 

4. Dross—Speiss may be returned to a hearth roaster to remove 
the arsenic. The use of the drossing reverberatory was developed as an 
improvement over concentrating the copper content of mattes by reroast- 
ing and resmelting. 

5. Nature of Lead Drosses.—The compounds present in the softening 
plant dross, matte and speiss are: Lead sulphide, cuprous sulphide, solid 
solution of cuprous sulphide plus ferrous sulphide, copper arsenides 
(CusAs2 + Cu or As), metallic lead and metallic copper. Other com- 
pounds not positively identified are probably iron arsenide and cop- 
per antimonide. 

6. The presence of metallic copper in the matte is probably due to 
the reaction between copper sulphide and iron sulphide to form moss 
copper. Mattes that do not contain iron do not contain metallic copper. 
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7. Considerable lead is retained by cuprous sulphide or by lead 
sulphide. Cu.S-PbS and Cu.8-FeS mixtures do not retain as much 
metallic lead as do the pure sulphides. 

8. The main part of the metallic lead retained by the matte-speiss 
products is suspended in copper arsenides, chiefly in CusAse. 

9. Removal of Lead in Drossing Reverberatory—The quantity of lead 
retained in the sulphides of the matte-speiss from smelter B was about 
the same without metallic iron or with as much as 10 per cent. When 
metallic iron was added to various synthetic mixtures, the content of 
metallic lead was not lowered by adding iron beyond a certain percentage. 

10. The products in the reverberatory do not need to remain molten 
over an hour. The cleanest separations of products may be made by 
allowing them to solidify slowly and then separating the various layers, 
rather than by granulating molten speiss or matte products. 

11. A mixture containing about 3.5 parts of copper to 1 part of arsenic 
retained the least amount of metallic lead. The formation of speiss of 
this composition is not possible in the presence of bullion contain- 
ing antimony. 

12. The formation of copper antimonides is to be avoided, especially 
at plants not having copper smelters, because gold and silver are quite 
soluble in these compounds. 


ACKNOWLEDGMENTS 


The authors take this opportunity of acknowledging the assistance of 
the staffs of all the lead smelters near Salt Lake City, and especially 
thank Mr. Gerald U. Greene for furnishing data on plant flowsheets. 
Mr. Robert Wallace, metallurgist for the United States Smelting, Refining 
& Mining Co. at Midvale, Utah, was particularly helpful in supplying 
samples and offering suggestions. Mr. R. E. Head, microscopist for the 
Metallurgical Division of the U. 8. Bureau of Mines, also contributed 
suggestions in his field. 


REFERENCES 


1. M. N. Short: Microscopic Determination of the Ore Minerals. U.S. Geol. Survey 
Bull. 825 (1931). 

2. W. Heike: The Equilibrium Diagram of Lead-arsenic Alloys and the Melting 
Point of Arsenic. Int. Ztsch. f. Metallog., 6, 49-57. 

3. K. Friedrich: Investigation of Layer-forming Systems. Metall und Erz (1912) 10, 
575, 976. 

4. H. O. Hofman: Metallurgy of Copper, 15. New York, 1914. McGraw-Hill 
Book Co. 

5. K. Friedrich and A. Leroux: Lead and Sulphur. Metallurgie (1905) 2, 566. 

6. K. L. Meisner: Equilibrium between Metal Pairs and Sulphur, I—The System 
Copper-lead and Sulphur. Metall und Erz (1921) 18, 145. 

7. C. H. Fulton and I. E, Goodner: Constitution of Copper-iron and Copper Lead- 
iron Mattes. Trans. A.I.M.E. (1905) 36, 665. 


aerate ite 


C. M. DICE, G. L. OLDRIGHT AND T. B. BRIGHTON 159 


8. W. Leitgebel: Considerations of Theoretical Metallurgy—the System Pb-Fe-S. 
Metall und Erz (1926) 23, 439. 

. Weidmann: Bleistein. Metallurgie (1906) 3, 660. 

. K. Friedrich: Galena and Pyrrhotite. Metallurgie (1907) 4, 480. 

. C. B. Carpenter and C. R. Hayward: The Equilibrium Diagram of the System 
Cu.8-FeS Hng. & Min. Jnl. (1923) 1156, 1055. 

. H. Tiedemann: Formation of Moss Copper in Copper Mattes. Metall wnd Erz 


9 
10 
11 


12 


21 


(1925) 23, 200. 


. O. Reuleaux: Reactions and Equilibria in the System Copper-iron-sulphur with 
Reference to Copper Ores. Metall und Erz (1927) 24, 99. 
. G. Hagg: An X-ray Study of the System Fe-As. Zitsch. f. Krist (1929) 71, 


134-136. 


. H. O. Hofman: Metallurgy of Lead, 296. New York, McGraw-Hill Book 


Co. 


. N. A. Pushin: Potential and Nature of Metallic Alloys. Jnl. Russ. Phys. Chem. 


Soc., 39, 869-897. 


. G. D. Bengough and B. P. Hill: Properties and Constitution of Copper-arsenic 
Alloys. Jnl. Inst. Metals (1910) 3, 34. 

. K. Friedrich: Metallurgie (1908) 5, 529. 

. G. H. Gulliver: Metallic Alloys, 286. London, 1913. Charles Griffin & Co. 

. R. E. Head, A. L. Crawford, F. E. Thackwell and G. Burgener: Microscopic 
Analysis of Silver King Ores and Mill Products. U.S. Bur. Mines R.J. 3236 


(1934). 


. V. Tafel and H. W. Loose: Reactions in Removal of Arsenic from Speiss by Heating 


in Presence of Pyrites. 


Metall und Erz (1931) 28, 422-425. 


Treating Blast-furnace Drosses 
By O. P. Curtsnotm,* Memper A.I.M.E. 


DEVELOPMENT IN Use oF Dross REVERBERATORY FURNACE 


Dross emerges from the blast furnace either with the lead through a 
lead well or by tapping from a forehearth or settler, but until a dozen 
years or so ago few dross reverberatories were used in western lead 
smelters because it was the usual procedure to circulate the dross from 
the drossing lead kettles back to the blast furnace. 

It was quite customary for lead smelters to produce: matte in their 
blast furnaces, as this was the form in which copper could be collected, 
concentrated if necessary, and shipped to the copper smelters for further 
treatment. The main prerequisites for good matte formation are, of 
course, a more or less definite amount of copper on the charge and suffi- 
cient sulphur. Such troublesome impurities as arsenic and antimony 
were ignored, in so far as possible, although they contaminated the bullion 
and thereby increased refinery costs. At the same time stocks of blast- 
furnace speiss containing gold, silver, lead and copper in addition to iron, 
arsenic and antimony, were being accumulated for want of a market to 
absorb them. As the dross was being fed back to the furnaces as rapidly 
as it was being produced, arsenic and antimony tended to build up until 
the arsenic could effect a combination with copper and iron and an alliance 
with lead, and the antimony a combination with copper and an alliance 
with lead. Sulphur, being the most active agent in taking up the copper, 
left little of that element for the arsenic and antimony, so that on the 
whole a somewhat unsatisfactory metallurgy resulted. 

During this same period, certain lead plants were beginning to 
encounter trouble with zine due to the replacement of crude ores of low 
zine content by concentrates containing high percentages of lead and 
zinc in sulphide form, the blast-furnace slags resulting from the smelting 
of such concentrates being characterized by a decidedly increased zine 
content. It was soon realized that zine plus sulphur was “‘poison”’ to a 
lead blast furnace and steps were taken to reduce the sulphur content. 
At this stage some plants found that any substantial matte fall was out 
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of the question because of the relatively small amounts of copper and the 
abundance of zinc, so that with the gradual perfection of double sintering 
to a point where there was no tendency to form matte, the situation 
became one in which only the dross was left as the copper carrier, except 
for the copper lost in the slag. 

However, certain plants still adhered to the blast furnace as a means 
for producing matte from the dross by the running of so-called “hot 
charges” between regular furnace charges, a hot charge being, as its 
name implies, ‘‘hot,’’ and usually consisting of equal weights of dross 
and blast-furnace slag to which was added a certain amount of sulphide 
ore (preferably pyrite) and small amounts of siliceous ore, limestone, scrap 
iron and coke. While this procedure was fairly satisfactory at a plant 
producing a relatively low-zine slag, and where the ratio of arsenic and 
antimony to copper was low, it was by no means satisfactory at plants 
where high zinc prevailed, because the zinc combined with the sulphur of 
the pyrite to form ‘‘zinc mush” (ZnS), which not only had a refractory 
nature but also served to increase metal losses in the slag. 

The substitution of the dross reverberatory for the blast furnace 
eliminated the necessity for any considerable amount of slag formation, 
always associated with blast-furnace practice. In the reverberatory 
operation it is advantageous to produce a fluid slag relatively free from 
entrained metals, particularly copper, but the composition need not 
adhere to close fluxing limitations for successful operation. As the slag 
from the dross reverberatory ordinarily is retreated either in a lead blast 
furnace or in a copper reverberatory, it is considered good practice to 
produce as little slag as is consistent with sufficient fluidity. 

The first dross reverberatories operated in the West, at Selby and 
East Helena, were matte-making furnaces. No attempt was made to 
regulate the fluxing to assure a high copper to lead ratio in the matte 
tapped from the dross charge, as the better ratio was secured by remelting 
the ‘first?’ matte and adding scrap iron and silica in what was termed a 
“eoncentration” run. Quite satisfactory results were obtained in this 
manner but the process had the disadvantages of the extra handling and 
increased fuel. A little later a similar operation was practiced at East 
Helena except that arsenic, rather than sulphur, was the principal collect- 
ing medium for the copper. After a period of experimentation, the 
double treatment was replaced by one operation, which produced a speiss 
of fair copper to lead ratio. Following the experience at East Helena, 
the use of drcss reverberatories became a part of the usual operations at 
Chihuahua, Durango, El Paso, Murray and San Luis. The Durango 
furnace was purely a matte-making furnace while the one at El Paso 
produces mostly matte and some speiss. At present the others are 
employed primarily in speiss-producing operations. 
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FURNACE CONSTRUCTION 


Among the furnaces included in Table 1, the smaller one (7 by 21 ft.) 
at East Helena, Mont. (Fig. 1), was designed after an examination of an 
earlier reverberatory furnace used at Selby, Calif., which was the pioneer 
among western smelters in making matte from blast-furnace dross. East 
Helena developed the idea of forming copper-bearing speiss from dross 
until the exclusion of matte formation was accomplished. Later 
Murray, Chihuahua, Durango, San Luis and El Paso built dross reverbera- 
tory furnaces (Figs. 2and3). The furnace at East Helena influenced the 
design of the later furnaces, although, as may be observed from the 
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Fig. 1—Cross SECTION OF DROSS REVERBERATORY AT East HELENA. 


tabulation, many changes have been made either on account of local 
conditions or with an eye to improvement. 

East Helena still adhered to the lead well for tapping lead which, 
while it has the advantage of lessening the possibility of a “runaway,” 
has the disadvantage that it is difficult to open if the channel “freezes.” 
There is also a horizontal channel in this furnace reaching to the center of 
the inverted arch, for tapping when the furnace must be emptied prepara- 
tory to a shutdown. Most furnaces have lead taps on the side, the 
bullion being caught in cast-iron pots or brick-lined steel pots of about 
3000 Ib. capacity. At El Paso and in Mexico the lead taps are flush with 
the top of the inverted arch at the burner end of the furnace and bullion 
is tapped into a launder leading to a large drossing kettle. The operating 
advantage of this arrangement, over that at plants where it 1s necessary 
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to tap the lead intermittently and then tram and hoist it to drossing 
kettles, is obvious. 

All furnaces have a steel pan surrounding the brickwork of the bath, 
the top of the pan usually being at the level of the slag-skimming bay. 
The pan ordinarily rests on I-beams 6 in. high, suitably spaced to allow 
air to circulate beneath the pan, a condition that has been found desirable. 
The butt joints are riveted and at some plants welded in addition. 
Welding without riveting has been tried and in at least one instance 
proved unsatisfactory, as expansion of the brickwork exerted too great a 
force and caused failure at the joints. 

In laying up the brickwork allowance is always made for expansion. 
At one plant 114 in. of space allowed at each end of the inverted arch, 
between arch and steel pan, is filled with dry fireclay. For side and end 
walls, where the outside course is firebrick, wooden strips 9 by 24 by 
346 in. are used every 4 ft. for expansion allowance. For the magnesite 
inside lining of the walls, wooden strips of the same size are used every 
12 in. When high-alumina brick are used for walls, the wooden strips 
are used every 4 ft. Along the arch longitudinally a 34¢-in. expansion 
joint is allowed at each end between arch and end wall for approximately 
every 10 ft. of furnace length. Sometimes strips of roofing material are 
used instead of the wooden strips. 

Most of the furnaces are rectangular with inverted arch sprung 
crosswise, vertical side and end walls, and an arch roof sprung crosswise. 
At Selby the spring in the inverted arch is longitudinal with the lead tap 
at one side of the furnace. The furnaces are usually bound with vertical 
buckstays placed at the sides of the furnace, the lower ends of the buck- 
stays being set in concrete and the tops held by adjustable tie rods. In 
some installations tie rods are used at the bottoms of the buckstays. 

The charging holes are usually lined with a water-cooled cast-iron 
ring. A shallow cast-iron hopper is placed above the ring to act as a 
receptacle for catching the charged material and directing it to the charge 
hole. At El Paso a cast copper ring containing coils for water circulation 
is used. The outside contour is square, which is simpler from the brick- 
laying point of view. In most cases the charge hole is sealed with a cast- 
iron tapered plug suspended from a steel cable, the plug being removed 
during charging and replaced thereafter. Sometimes compressed air is 
used for actuating the movement. At one plant, where an unusually 
large charging hole is used, the hopper is dispensed with and a brick cover, 
bound at the edge with steel bands and stiffened with steel rods, is used 
successfully. 

An improved furnace at El Paso differs from the typical dross rever- 
beratory in that the pan is not resting on I-beams placed in the conven- 
tional manner but, being semicircular in cross section, it is supported in 
cradle fashion, upon superimposed I-beams cut to fit. Between the 
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circular pan and the first course of brick 
is a 2-in. cushion fill. Two courses of 
brick on end, or 18 in. in all, form the 
bottom and sides of the bath portion. The 
side walls above the bath are 9 in. thick. 
The arch is independently supported from 
steel channel skewback supports, which are 
fastened to the side buckstays rather than 
being sprung from a skewback supported 
on the outer brick course of the side walls, 
as is the usual arrangement. 

The gases exit through a throat at the 
end of the furnace opposite the burners, 
into an uptake and thence through a flue. 
The fume usually is filtered by means of a 
baghouse, which also filters gases from the 
blast furnaces. The Durango reverbera- 
tory gases were treated successfully by 
the Cottrell process along with blast- 
furnace gases. At Durango, there is an 
uptake over the furnace bath and slag 
skimming is done by rabbling through a 
skimming bay at the end of the furnaces. 
Other furnaces have the skimming bay at 
one side of the furnace, usually near the 
throat. Matte and speiss taps are on the 
side of the furnace. Tapping blocks are 
usually made of cast iron and in some 
instances are water-cooled. At El Paso, 
copper tapping blocks have been used 
successfully. 

A good grade of firebrick is used for the 
inverted arch while magnesite brick is used 
for bath-wall linings, usually backed up 
with firebrick. High-alumina brick is used 
for side walls above the bath and for the 
arch. With an 18-in. side wall above the 
bath, the outside course is usually built 
of firebrick. 

Of the plants mentioned in this article, 
five use natural gas for fuel and two use oil; 
the gas burners vary with locality and con- 
ditions. A single long-flame burner has 
been used successfully on the 28-ft. furnaces, 
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whereas several small short-flame burners have proved more effective and 
economical on some of the 21-ft. furnaces. The long-flame burners are 
of the inspirator type; the smaller ones are of the refractory type of 
atmospheric burners with fluted fireclay blocks. 

The fuel oil used is 13° Bé. From two to three burners are employed, 
accurately pointed through the bridge wall so that the flame will strike the 
charged material at a point slightly above the molten bath level. Air is 
taken from the air-blast line running to the blast furnaces. 


HANDLING EQUIPMENT 


After the molten bullion, which comes from the blast-furnace lead 
well or settler, has been delivered to the drossing kettles, which usually 
hold 30, 60 or 110 tons, the appearance of dross is noted. Contrary to 
the usual significance of the term to the layman, this dross is a valuable 
product, being usually enriched with gold to a greater extent than the 
“clean” bullion itself. Removal of the dross begins when the kettle is 
filled and is usually performed by skimming with a perforated ladle to 
which is attached a substantial handle. A chain is fastened to the handle 
and the whole suspended from a roof truss above the kettle. The 
receptacle for receiving the dross may be a perforated basket floating on 
the bath or it may be a skip or boat resting at the edge of the kettle. 
When filled, the basket is hoisted clear of the bath and allowed to drain 
before delivering its contents to the dross reverberatory furnace or stock- 
pile. The skip or boat is tilted so that the clean molten lead will flow back 
to the kettle. Obviously, it is good practice to retain as much clean lead 
as possible in the kettle. 

Some plants for years have produced a “dry” dross on the kettles 
before skimming, by using a bullion stirrer, which consists essentially of a 
motor-driven impeller. As the impeller blades, set 2 or 3 ft. below the 
surface of the bath, revolve about a vertical shaft, a rotating motion is 
given to the molten bath, which creates a vortex in the vicinity of the 
shaft. In operation, an observer may witness the travel of the dross as 
it is drawn spirally into this vortex and rises to the surface of the bath 
near the rim of the kettle. After a time a noticeable change takes place 
in the appearance of the dross, in that, from a mass of lumpy substance 
matted together with metallic lead, it becomes dusty in appearance and 
somewhat resembles a dry concentrate. It contains all the constituents it 
had before stirring but its lead content is much lower, so that the treat- 
ment is advantageous in that it reduces the tonnage of dross to be sub- 
sequently smelted in the reverberatory. 

Delivery of the dross to the furnace is by overhead electric trolley 
hoist or crane. When delivery is made to stockpile it is usual to dump 
the dross on a plate, where it is moistened and separated by shovel before 


168 TREATING BLAST-FURNACE DROSSES 


piling. Fora “dry” dross the wetting and separating by shovel may be 
dispensed with. 

Bullion is tapped into pots and trammed and hoisted to drossing 
kettles, or it may be tapped directly into drossing kettles if the plant is 
so arranged. 

Slag is skimmed through a bay from the furnace into pots and after 
cooling is broken with a sledge and sorted to recover entrained matte or 
speiss. The slag is returned to the blast furnace and the sorted matte 
or speiss is shipped to a copper plant if its quality warrants. 

Matte and speiss are tapped from the side of the furnace into a launder 
or spout, which conveys the molten stream to a granulator. A suitable 
pit is provided from which the accumulated material may be recovered 
for shipment at the conclusion of the tap. Provision is made in the 
granulating pit for drainage of the water without loss of the product. 


CYCLE OF OPERATIONS 


Although the operating routine varies from plant to plant, owing to 
handling equipment and local conditions, there is a similarity in procedure. 
After the furnace has been charged and the molten bath is of sufficient 
depth, the slag is skimmed. Lead may be withdrawn while charging and 
melting is in progress. Before matte or speiss is tapped, the depth of the 
lead is usually measured by inserting a bar into the molten bath and 
withdrawing it for inspection, to determine the height of the lead in 
relation to the matte or speiss tap-hole. The lead must be drawn down 
low enough so that no lead or fused dross can emerge from the matte or 
speiss tap-hole. When a satisfactory condition is established, the matte 
or speiss may be tapped. 

The El Paso plant taps the matte and speiss into large pots, which are 
hauled to copper converters and charged while in the molten state. The 
other plants referred to in this article granulate the matte or speiss, 
supplying sufficient water and sufficient pressure at the water nozzle, 
where the molten stream of matte or speiss meets the water, to prevent 
explosions. In practice, with a given volume of water and pressure 
available, the control has resolved itself into regulation of the flow of the 
molten matte or speiss delivered to the granulator. Granulation has the 
advantage over the old practice of casting the speiss into thin cakes, in 
that it eliminates the excessive crushing costs necessitated by the old 
practice to condition it for further treatment in the copper smelter. 
Further, the granulated product may be readily and accurately sampled. 


THe PROCESS 


At certain plants the process of producing copper-bearing speiss from 
dross is mainly one of liquation of the lead. This presupposes, however, 
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a condition that is rarely encountered in practice; namely, a suitable 
copper to arsenic ratio so that little or no fluxing is required. Accord- 
ingly, various practices are employed at the different plants to cope with 
the existing local conditions and obtain a product or products best suited 
to their individual situations. 

At one plant, neither scrap iron nor blast-furnace speiss is used, the 
charge to the dross reverberatory comprising only dross, a small amount 
of siliceous oxidized ore and a little limestone. Of the material tapped, 
about one-quarter is almost equally divided between matte and speiss 
while the other three-quarters is principally speiss analyzing well over 
50 per cent copper. 

In contrast to that operation is one at another plant where the charge 
is approximately one-quarter blast-furnace speiss with a small amount of 
siliceous ore in addition to the dross. The product is a speiss with a very 
desirable copper to lead ratio but with a much lower copper content than 
the speiss obtained in the first operation mentioned. The metallurgist 
in charge at this plant attributes the excellent copper to lead ratio to the 
maintenance of strong reducing conditions and use of sufficient scrap iron 
in the blast furnace producing the dross. 

At another plant, the usual charge contains, in addition to the dross, 
small percentages of siliceous ore and limestone and scrap iron from which 
a copper-bearing product comprising a mixture of matte and speiss, with 
the latter predominating, is obtained. The metallurgist in charge states 
that the addition of the scrap iron, up to a certain percentage, apparently 
exerts a slightly beneficial effect; above that it merely dilutes both the 
copper and the lead. 

At still another plant, it has been found, in a general way, that for a 
particular copper content the better copper to lead ratio can be secured 
by incorporating proper quantities of blast-furnace speiss, and in certain 
instances, scrap iron, in the charge. Generally speaking, they have 
observed that the copper and lead contents of the speiss rise as the arsenic 
and iron contents, respectively, diminish. 

However, it does not follow that the addition of iron alone will always 
lower the lead content because it is also influenced by the amount of 
arsenic present. Generally speaking, a poor ratio of copper to lead in a 
speiss of unusually high arsenic content can be bettered by the addition 
of scrap iron to the charge or by reducing the amount of common speiss 
charged (thus reducing the amount of arsenic) and using scrap iron. 
With a speiss of lower arsenic content and having a poor copper to lead 
ratio, the ratio may be improved by the addition of common speiss to the 
dross reverberatory charge, although the copper content of the resulting 
speiss will be lowered to some extent. 

The writer believes that the addition of blast-furnace speiss to the 
charge does more than simply dilute the copper and lead. Although no 
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chemical reactions may be involved, beneficial results are obtained with 
respect to the copper to lead ratio. In this connection, Gerald U. Greene 
states! that the addition of common iron speiss “only serves to form a 
fluid bath” and that “since lead has practically no solubility in iron 
arsenide, some of the retained lead may be removed from the speiss by 
its addition ” 


1G. U. Greene: Thesis. A similar statement appears on page 186, this volume. 


A Study of Drosses from Lead Blast Furnaces 


By GrraLtp U. GREENE* 
(New York Meeting, February, 1935) 


Tuer various lead producers have given the subject of lead drosses 
much attention in recent years but the problem of their economical 
treatment is yet to be solved. 

Formerly the copper in the furnace feed was removed from the furnace 
in the form of matte. The speiss at that time consisted principally of 
the iron arsenide. The practice today is to roast off most of the sulphur 
and the copper in the feed forms a dross in the furnace, which is removed 
from the furnace with the lead. This material is poured into the drossing 
kettles and allowed to cool down to but slightly above the freezing point 
of lead. The copper dross, containing almost all of the arsenic and 
part of the antimony, is skimmed off and treated in a small reverberatory 
furnace at most plants. This is essentially a liquation process. The 
skimmed dross contains from 70 to 80 per cent lead, and much of this 
lead is liquated out. The products from this treatment are: (1) impure 
lead, (2) speiss and (3) matte. The speiss from the reverberatory 
furnace was studied in this research. 

The literature on the subject is of very little assistance, as almost 
no work has been done on the problem of establishing the exact identity 
of the various phases present. One author‘ { states that speiss consists 
of a series of isomorphous compounds of the general formula Fe,As, in 
which the Fe may be replaced by Ni, Co, Cu, Pb, Ag, Au, Pt, Zn, Cd and 
the As replaced by Sb, S and Bi. Hofman) states that the iron arsenide 
present is FesAs. 


EXPERIMENTAL WORK 


In the present research, the author used for methods in an attempt 
to determine the composition of the various phases: (1) chemical, (2) 
microscopic, (3) roentgenographic and (4) thermal. 

Previous to this research, considerable time had been spent making 
analyses of different speisses, but unfortunately no very definite con- 
clusions could be made as a result of these analyses. 


Manuscript received at the office of the Institute April 30, 1934. 
* Metallurgist, Harshaw Chemical Co., Cleveland, Ohio. 
+ References are at the end of the paper. 
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A study of the equilibrium diagrams involved was first made in the 
present work. The components of these diagrams might occur in the 
drosses and speisses and by synthesis; some characteristic might be found 
that would permit their identification in the various furnace products. 


The System Fe-As 


The iron-arsenic diagram was first studied. Only one of the three 
intermetallic compounds given in the diagram was successfully synthe- 
sized. The first attempts to synthesize the compounds failed because 
of the volatility of the arsenic. To obviate this difficulty, a new type of 
crucible was used. Four holes, each 0.5 in. in diameter and 3.5 in. deep, 
were drilled in a graphite rod, which was 2.75 in. in diameter and 4 in. 
long. This type of crucible was used only for making compounds and 
eutectic points; for melts containing lead a common fire-clay crucible with 
a borax cover was used. 

The finely powdered metals were carefully mixed and placed in the 
holes in the graphite rod and covered with borax glass. This improvised 
crucible was then placed in the furnace and heated at the top until 
the borax melted and formed a gastight cover. The crucible could then 
be heated rapidly without losing the volatile constituent. 


TasBLE 1.—Metals Tested, with Analyses of Speisses 


Weight of Metals, Grams Analyses of Speisses, Per Cent 
Test No. Compound 

Pb As Fe Fe As Pb 
1 200 20 15 FeAs 52.52 44.96 2.61 
2 200 20 8 FeAs. 49.27 48 .20 2.42 
3 200 20 30 Fe:As 62.62 36.02 1.34 
4 200 20 30 Fe2As 64.08 34.50 1.42 
5 200 15 35 Eutectic 71.55 28.20 0.24 


Mixtures of the same composition were next melted with lead in order 
to determine the amount of lead retained by the different compounds 
occurring in the drosses. Table 1 gives the amount of metals used and 
the analyses of the speisses obtained from these fusions. These melts 
were cooled in the furnace. The crucibles were broken after removal 
from the furnace, in order to obtain the entire sample intact. Only the 
compound Fe,As was formed in these melts, whether in the graphite 
rods or in the crucibles with lead. The other melts gave some of this 
compound, and sometimes some eutectic occurred, but no other com- 
pound could be identified. Fig. 1 illustrates the compound FezAs (No. 3 
in Table 1). The principal constituent is FesAs with some Fe-As 
eutectic. The lead occurs as black spots around the grain boundaries. 
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Fic. 1.—Fr.As. X 100. Ercuant, HNO. 

Fig. 2.—Fr-As putectic. X 100. Ercuant, HNO:3. 

Fiqa. 3.—IRoN SPEIss, MOSTLY FE:As. X 100. Ercuant, HNOs. 
Fic. 4.—IRoN SPEISS FROM PLANT No. 5. X 100. Ercuant, HNO3. 
Fic. 5.—Cv;As. 100. Ercaant, HNOs. 

Fig. 6.—Cu;As AND LEAD. X 600. ErcHant, FrCtu;. 
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The common speiss from the blast furnace was examined. It con- 
sisted of crystalline plates of macroscopic size. An analysis showed the 
following composition: Fe, 60.53 per cent; As, 30.35; Cu, 4.20; Sb, 2.20; 
S, 2.10; Pb, 0.60. 

The dross from plant 5 consists, to a large extent, of this platy arsenide 
and is illustrated in the photomicrographs. 

Fig. 2 shows the Fe-As eutectic structure. The analysis is No. 5 in 
Table 1. Fig. 3 illustrates the common iron speiss as received. The 
light material is FezAs. Fig. 4 shows the iron arsenide from the dross 
of plant 5. The plates are Fe2As, the eutectic of Fe2,As-Cu;As, and black 
spots are composed of the eutectic of Cu;As and lead with excess lead, 
as shown in Fig. 20. 

The iron arsenides were next studied by X-ray methods. The 
space lattices were calculated from the diffraction patterns obtained 
on powdered samples. Wyckoff gives the space lattice of Fe:As as: 
a = 3.62 Se and c = 5.97 A. This lattice is tetragonal and contains 
two molecules to the unit cell. The results obtained in this research, both 
on the synthetic melts and upon the samples from the different smelters, 
gave the following values: a = 3.65 A., and c = 5.99 A. A simple 
calculation shows two molecules to the unit cell: 


(55.84 X 2 +75) X (1.64 X 107%) _ 
Cate (LO ae) " 


The figure obtained is approximately one-half the specific gravity found 
for the compound, hence there are two molecules in the cell. The diffrac- 
tion pattern of the Fe-As eutectic gave lines of alpha iron, but no iron 
lines were found in any of the samples from the smelters. From these 
results it is concluded that the Fe-As eutectic is not present in the lead 
drosses, and that the only form is the compound Fe,As. 


3.83 


Copper-arsenic Sys'em 


The synthetic work was similar to that for the iron-arsenice system. 
It was found that only the compound Cu;As formed, not only in the 
synthetic melts but also in the drosses and speisses from the smelters. 
This simplified the work considerably, since a superficial examination 
of the dross showed that the lead was mostly associated with the copper 
arsenide. The pure compound was made in the graphite crucible and 
also in fire-clay crucibles with lead. Table 2 contains the results of some 
of the fusions; it includes the series of lead-bearing Cu-As alloys from 
20 to 90 per cent Cu. This series, Nos. 7 to 14 inclusive in Table 2, 
shows a peculiar lead-solubility curve having two minima, one at the 
eutectic point of Cu-As and the other at the compound Cu;As. The lead 
retained by this compound is usually much higher. In fact, the author 
considers that it is only under ideal conditions of cooling that this 
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low figure can be obtained. These melts were cooled slowly by leaving 
the crucibles in the covered furnace. It required about 12 hr. for the 
melts to reach room temperature. Regardless of the treatment, or of 
the ratio of copper to arsenic, only the compound Cu;As formed. This 
is thought remarkable, since there are several Cu-As compounds found 
in nature.“ The compound Cu3As, known as Domeykite, Algodonite, 
CusAs, occurring in two forms, and Whitneyite, CusAs, which may 
occur in any of three forms. 

The X-ray diffraction pattern, when calculated, gave the following 
values for the unit cell: a = 6.64 AY c = 7.59 ike c/a = 1.14. The cell 
is body-centered tetragonal and has six molecules in the unit cell as 
determined by specific gravity tests. The X-ray data give a value of 
7.81 for the specific gravity while that determined of the sample was 7.9. 

The diffraction patterns of the pure Cu;As samples were identical 
with those obtained on the drosses from the smelters. This compound 
has a physical characteristic that allows it to be identified under the 
microscope; i.e., it is very brittle and invariably shows cracks. This is 
true also of the compounds Cu,Sb and Cu.S§, but they are easily distin- 
guished from the arsenide. 


TaBLE 2.—Copper Arsenides 


oe SS EE a aa an 


Weight oe Used, Products, Per Cent 
ts Formula Color, ete. 
Pb Cu As Pb Cu As 
1 200 50 20 13.00 | 63.35 | 21.63 ; CusAs | Silvery, brittle. 
2 200 | 100 20 11.33 | 74.71 | 13.83 | CucAs | Fine grained, tough. 
3 200 41 20 14.21 | 61.30 | 24.47 | CusAs | Silvery, like No, 1 
4 200 50 20 8.50 | 52.58 | 38.88 | CusAs | Silvery, brittle. 
5 200 100 20 5.42 | 66.86 | 27.51 | CusAs 
6 71.8 |- 28.2 69.75 | 30.25 | CuszAs | Very brittle. 
us 200 20 80 56.71 | 19.70 | 23.56 Gray. 
8 200 30 70 56.03 | 20.70 | 23.25 Gray. 
9 200 40 60 53.90 | 24.84 | 21.22 Gray. 
10 200 50 50 34.04 | 42.44 | 23.50 Lighter than 7-9. 
11 200 60 40 6.62 | 67.52 | 25.82 | CusAs| Fine grained, brit- 
tle. 
12 200 70 30 19.62 | 55.48 | 24.88 
13 200 80 20 6.38 | 76.80 | 16.81 Eutectic. 
14 200 90 10 20.10 | 73.28 | 6.63 Brassy, tough. 


pee ee ee 


Fig 5 is a photograph of the pure compound, Cu;As. Fig. 6 illustrates 
the compound when melted in lead. The sample was slowly cooled. 
Fig. 7 shows another sample of Cu;As and lead. This contains one type 
of eutectic of CusAs and lead. The sample contains an excess of lead. 
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Fig. 8 contains the radial type of eutectic sometimes obtained. This 
sample was chilled rapidly from the freezing point. 

It is pertinent to point out, at this time, that the speiss from the 
reverberatories that treat the dross is granulated by pouring into tanks 
of water. When this speiss is slowly cooled it is very tough and difficult 
to sample accurately. When quenched it is easily sampled. If the 
quenching temperature is around 1000° C., most of the lead is retained in 
solid solution. This phase will be discussed later. 

Tests were made to determine the amount of lead held by the Cu-As 
alloys. Table 3 contains the results obtained. 


TaBLE 3.—Copper Arsenides 


Amount of Metal, Per Cent 
Test Temperature, 
No. eg. C. 
Pb Cu As 
1 22.46 | 50.68 | 26.00 787 These samples were ladled out of the 
crucible and poured into a cold mold. 
2 | 33.06 | 48.62 | 18.30 825 
3 | 32.82 | 48.97 | 18.30 880 
4 | 38.06 | 48.71 | 18.25 910 
5 | 33.06) 48:75 | 18715 1004 
6 15.10 886 (Cu and As added at 9:15.) 
i 13.68 886 Sample taken at 10:30. 
8 12.27 1025 Sample taken at 11:20. 
97 | 6.61 | 58.10 750 | Melted and cooled slowly. 
10 8.73 | 57.76 Cu;As cooled slowly. 
11 9.91 | 56.85 No. 10 remelted in Pb and cooled 
slowly. 


* Composite of 6, 7 and 8. 


Nickel-arsenic System 


Two compounds are given in the equilibrium diagram but only one 
was synthesized. The compound NiAs was obtained. This compound 
crystallized in thin plates similarly to the iron arsenide, Fe:As. The 
plates were a reddish color. The system was not intensively investigated, 
as only one of the dross samples secured contained an appreciable amount 
of this element. The speiss from this plant gave a nickel arsenide 
similar to the one synthesized. It is assumed from these tests that only 
NiAs forms in the lead blast furnace. 


System Lead-arsenic 


Percy states that he secured compounds in this system, but later 
work has shown that no compounds occur. There is a liquid solubility 
and perhaps a slight solid solubility. It may be that the small percentage 
remaining in the lead after drossing is in solid solution. For example, 


ia 


=. 
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Fig. 7.—Cu;As-PB EUTECTIC wiTH PB. X 600. Ercuant, FECt3;. 


Fig. 8.—Cvu;As-PB BUTECTIC, RADIAL TYPE. 


_Fia. 9.—PsS-Cv28 BUTECTIC WITH EXCESS Cuz 
Fic. 10.—PsS-Cvu.8 eurectic. X 100. Evcuant, HNOs. 
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< 400. Ercuant, FEC1Is. 


Fic. 11.—Same as Fie. 10. X 1000. Ercuant, HNOs. 


Fig. 12.—Ps8-Cv.8 EUTECTIC WITH EXCESS 


Pas. xX 100. Ercuant, 


S. 100. Ercuant, HNOs. 


HNO3. 
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at one smelter the copper and arsenic remaining in the lead after drossing 
were approximately 0.07 per cent each. The author believed that the 
copper was present as Cu3As and the arsenic present as a solid solution; 
i.e., the arsenic above that required for the compound. This contention 
has not been proved. 


System Iron-antimony 


Two compounds are accredited to this system but only one was 
synthesized. The amount of lead retained by this compound averaged 
1.5 per cent. This system is not considered important in the study of 
lead drosses and speisses, since the arsenide of iron will form in preference 
to the antimonide. If any smelter has drosses with a large percentage 
of antimony and but little arsenic, the iron antimonide should not cause 
a large lead loss, because it should approximate the above figure. 


System Copper-antimony 


Most of the drosses contain appreciable amounts of antimony as 
copper antimonide, and for this reason the system was investigated 


TaBLE 4.—Copper-antimony System 


Products Used, Grams Analysis of Speiss, Per Cent 
Sample Color of Speiss 

Ne Pb Cu Sb Pb Cu Sb 

iL 200 10 90 | 62.54 | 4.68 | 32.78 | Silver gray, purple plates.* 
2 200 20 80 60.28 | 9.73 | 29.93 | As above. 
3 200 30 70 | 60.08 | 14.90 | 25.00 | No cleavage. Gray. 
4 200 40 60 20.33 | 39.54 | 40.16 | Purple. 
b 200 50 50 11.34 | 44.78 | 43.81 | Purple. 
6 200 60 40 6.61 | 56.13 | 36.94 | Silvery white.® 
7 200 70 30 15.91 | 63.32 | 21.81 | A stronger white. 
8 200 | 80 20 19.62 | 63.51 | 16.95 | Very light brass color. 
9 200 90 10 | 30.73 | 62.55 | 6.74 | More brassy than above. 


*’ The Cu.Sb crystallized in long blades. When the speiss was tapped it peer 
along these crystals of Cu.Sb. This accounts for the purple color. 

’ The compound Cu,Sb. This color is very distinctive but difficult to correctly 
describe, so that one not familiar with the color of the copper-antimony alloys could 
readily and accurately pick this particular alloy without the use of the microscope. 


thoroughly. The entire system was treated as was the copper-arsenic 
system. ‘Table 4 contains the results found in the alloys from 10 to 90 
per cent Cu. The minimum point of the lead-solubility curve falls at 
the compound Cu;Sb. Table 5 contains the results obtained in the 
attempts to determine the solubility of lead in this compound. The 
solubility figures are remarkably consistent. These figures, of course, 
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refer to the solubility just above the freezing point. There seems to 
be no increase in solubility at higher temperatures. 

The equilibrium diagrams are not in agreement as to the compounds 
formed in this system; in some, CusSb, Cu;Sb and Cu;Sb» are given while 
in others only the first two are given. In the present work the first two 
were found, but even when samples were quenched from 1000° C. no 
evidence of the third, Cu;Sb2, was found. Although X-ray analysis 
allows only one-half molecule to the unit cell, sufficient proof was devel- 
oped to convince the author that Cu;Sb is a true intermetallic compound. 
This phase of the investigation will be discussed in another paper. 


Taste 5.—Hffect of Time on Solubility of Lead in CusSb 


Analysis of Speiss, Per Cent 
Temperature, 
Sample No. Ratio Cu/Sb Deg. C.4 Time, Hr 

Pb Cu Sb 
1 6.73 57.45 35.91 1.599 1000 2? 
2 6.56 57.138 36.28 1.574 1000 26 
3 6.62 57.22 36.15 1.583 1000 3 
4 6.75 57.07 36.09 1.581 1000 46 
5 6.58 57.18 36.21 1.579 1000 5% 
6 6.57 57.27 36.26 1.579 1200 64 


« Temperature at which a sample was ladled off the top, which contained a thick 
layer of CusSb. 

> This sample was poured into an iron mold, 

¢ Cooled in crucible. 

4 Cooled in furnace. 


The antimony in the drosses and speisses from the smelters was 
present either as the compound Cu;Sb or was contained in the metallic 
lead. The amount of antimony remaining in the lead after drossing 
often approaches 1 per cent. 


System Nickel-antimony 


The remarks made apropos the system iron-antimony apply equally 
as well here. It is considered that nickel will form an arsenide in prefer- 
ence to forming an antimonide. It is also considered that nickel, like 
iron, will react with copper arsenide to form an arsenide and metallic 
copper. Since the drosses studied contained more than the required 
amount of arsenic for the nickel, there is probably no nickel antimonide 
in the drosses and speisses. 


System Lead-antimony 


No compounds occur in this system. The antimony remaining after 
drossing is in solution until the freezing point is reached... The solid 


solubility is very low. 
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Complex Melts 


Melts were made using all of the elements found in the drosses from 
the smelters. The compounds formed as in the simple melts and the 
predictions regarding the preferential formation of the arsenides held 
true. Iron arsenide, copper arsenide and copper antimonide were 
distinguished under the microscope. The lead sulphide was associated 
with the metallic lead. The presence of sulphides did not interfere in the 
formation of the other compounds. The synthesizing of these complex 
mixtures gave much information on the actual drosses and allowed 
interesting deductions to be made regarding the preferential formation 
of compounds. 


Mattes 


All of the drosses contained some sulphur and it was thought desirable 
to determine the constituents of the mattes. The synthetic melts con- 
tained only the sulphides of lead and copper. Cupric sulphide decomposes 
and forms cuprous sulphide at the melting point. Hence, all of the 
melts contained PbS and Cu.S. The structures are illustrated. Fig. 9 
is that of the PbS-Cu.S eutectic with excess Cues. Fig. 10 is that of the 
eutectic of the two sulphides, Fig. 11 that of the eutectic at high magnifi- 
cation, Fig. 12 that of the eutectic with excess PbS. The samples were 
all slowly cooled. 


Reaction between CusAs and Fe 


Scrap iron is usually added to the reverberatory furnace with the 
dross, which gives a better product than is obtained without its use. 
The copper speiss contains less lead, or, as it is expressed at the smelter, 
a better Cu-Pb ratio is obtained. It was found that only a small per- 
centage was actually beneficial. At one plant it was the custom to use 
6 per cent scrap iron. After a few tests it was found that less than 
2 per cent was necessary. If the iron reacted with the copper arsenide 
and released the lead held in solution, it would be possible, at least 
theoretically, to secure a lead-free copper speiss. The iron reacts with 
the copper arsenide as indicated by this equation: 


Cu3;As + 2Fe — 3Cu + FeeAs 


‘This reaction goes to completion from left to right. The FesAs formed 
is easily distinguished under the microscope. Unfortunately, the 
metallic copper formed by this reaction forms an emulsion with the 
lead and the amount of lead that liquates out due to this reaction is 
very small. There is generally some lead sulphide in the dross, and 
at some plants it is added in small quantities to the reverberatory. Lead 
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that liquates out from the addition of scrap iron is from the sulphide; 
the reaction: 


PbS + Fe — FeS + Pb 


It is possible that the decomposition of PbS removes a dispersing agent, 
although the removal at this stage is not greatly beneficial, since the 
lead has already been dispersed, and the removal of the dispersant does 
not overcome its previous effects. The study of dispersing agents was 
not attempted. Manufacturers of metals containing Cu-Pb have used 
PbS, oil shales, and other reducing substances to effect a uniform dis- 
persion of the lead in copper. Since the blast-furnace feed always con- 
tains PbS and other reducers, it is considered that some lead will be as 
the disperse phase in all copper drosses. FeS apparently does not dis- 
perse lead, otherwise the lead would not liquate from the above reaction. 
Table 6 contains the results found when scrap iron was added to copper 
arsenide containing 10.62 per cent lead. 


TaBLE 6.—Results When Scrap Iron Was Added to Copper Arsenide 


Metal, Grams Analyses of Speisses, Per Cent 
Test No. |- 
Cus3As Fe Pb Cu As Fe 
1 60 ond) 8.73 61.60 26.90 2.80 
2 49 4.9 8.73 61.90 23 .80 5.60 
3 50 10.0 8.73 61.65 21.20 8.40 
tll OS SS ee ao 


The amount of lead in the speiss approximates that held when the 
speiss is cooled slowly. These tests indicate that the addition of iron 
to copper arsenide is not beneficial. Further tests were made by melting 
the dross from plant 4 and taking the speiss that contained 19.60 per cent 
lead with 6.50 per cent as lead sulphide, and treating it with iron. The 
iron first reacts with the PbS. The results are given in Table 7. 


Taste 7.—Results of Treating with Iron 


Metal, Grams Speiss from Melts, Per Cent 
Me i) He 
Bpeir Y).ie Pee eh ea Cu Ase Sb) 8 Fe 
0 13.10 6.50 | 51.91 | 22.80 | 4.58] 1 12 nil 
1 106 6 5.35 | 16.40 nil 52°70 | 2207671 4.50) 1.25 2.35 
2 66 6 8.33 | 15.93 nil 50.55 | 22.30 | 4.45} 1.20 5.58 
3 70 Sie LOk2 15.34 nil 49.66 | 20.90 | 4.25] 1.18 8.65 
4 77 10 | 11.5 13.92 nil AQ .22 | 20.40 | 4.10| 1.15 11.16 
Be LOS 25 | 18.8 12.04 nil 45.62 | 19.20 | 3.90 | 4-10 18.14 
ee, eC" 
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A sample of Cu;As containing 16.40 per cent of lead was treated with 
varying amounts of iron. Three of the resulting speisses are given. 
Fig. 21 contains plates of Fe2As in a background of CusAs and lead. The 
Fe.As was formed by the following equation: 


Cu;As + 2Fe — 3Cu + Fe2As 


The speiss contained 16.40 per cent lead and 2.35 per cent iron. Fig. 22 
shows an increasing amount of Fe,As. The speiss contained 15.34 per 
cent Pb and 8.65 per cent Fe. Fig. 23 shows a still greater»amount 
of Fe.As. The speiss contains 13.92 per cent Pb and 11.16 per cent 
Fe. The amount of lead released by this reaction does not appear to 
be economical. 


Commercial Drosses 


The commercial drosses were melted and the different products 
separated and analyzed. The percentages of speisses and mattes 
were calculated from weights. They varied from 20 to 90 per cent of 
the weight of the dross. The analyses of the drosses are given in Table 
8. The dross numbers will be used consistently throughout. Table 9 
contains the analyses of the speisses and mattes obtained when the 
drosses were melted in fire-clay crucibles. 


TaBLE 8.—Analyses of Drosses 


Percentages 
Sample 
No, 
Pb Cu As Sb 8 Fe Ni 

1 79.55 6.73 0.30 0.05 2.50 2.14 2.65 
2 33.92 43.16 5.47 6.40 5.48 2.51 

3 79.79 10.38 0.60 1.00 2219 L132 

4 (313 16.12 2.30 2.08 1.01 1.32 

5 81.08 8.89 2.13 0.45 0.20 1.10 

6 74,26 9.51 1.14 1.02 5.07 2.51 


The analyses of the drosses are not complete, since only the elements 
given were determined. The drosses contain some silica, lime and minor 
amounts of other impurities. 

The photomicrographs show the structure of the nickel arsenide in 
the speiss from plant 1. Fig. 13 shows the rapidly cooled dross. The 
matte and speiss did not seperate well. The long crystals are NiAs, 
the dark areas contain the lead, the light background is Cus;As and the 
darker background is Cu,S. The matte-speiss from this melt was 
remelted and cooled slowly. Fig. 14 illustrates the nickel-copper speiss. 
The long crystals are NiAs; Cu;As and lead are found between these 
crystals. No separation was effected between the NiAs and Cu;As. 
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The lead is chiefly associated with the copper arsenide. It is hardly 
reasonable to expect to find a dispersing agent for the dispersion of a 
mixture of Cu3As and lead in NiAs. The question then arises as to 
the reason for the failure of the two phases to separate when cooled 
slowly. The author uses the term “phase” to mean the mixture Cu;As- 
Pb in this case. If the idea of a dispersing agent is discarded, an alter- 
native theory presents itself. NiAs freezes at about 970° C. CusAs 


TaBLE 9.—Analyses of Speisses and Mattes When Drosses Were 
Melted in Fire Clay 


er a 


Percentages 
Sample No. 
Pb Cu As Sb SS) Fe Ni 
Ne 
CE ianee sae eae 41.15 | 20.72 | 5.68} 1.64] 11.00] 0.12 | 19.55 
NEAL beep other ste =< 98.48 | 49.73 | 0.16] 0.11 | 17.87] 0.31 | 3.35 
2. 
SOSH Shite ea oii se 24.97 | 54.36] 9.58] 8.35] 2.48] 0.21 
eee ee ee 14, 684064. 82. [8 1. 92.| "1248 16.85 0.19 
3. 
Ssslog usa ane oe oe een Insufficient quantity to analyze 
IMEYRIOS Je Geom teneue cue 45.22 | 36.48 | 0.48] 0.08| 17.12] 0.68 
4, 
PIC oct gees want 20.43 | 51.95 | 21.18 | 3.62] 2.20) 0.61 
IMUSSE TERE fe isteerenclt anise = 27.38 | 49.97 | 2.64] 1.94] 17.42] 0.57 
5. 
CISSret raciape ts + = a 1.18 | 24.78 | 28.16| 0.89| 2.457 42.48 
MEMEO, ails og x cctenmoneence E No matte separated 
6. 
Wiatteree mest eines 51.42 | 30.15 | 0.54] 0.83 | 17.43) 0.18 
Se A Ca Oe ae Insufficient quantity to analyze. 


with lead was found to freeze at as low as 400° C. The difference in 
specific gravity is not great between the two compounds, hence there is 
no layering effect in the liquid state. This nonlayering, however, may 
be due to a solution tendency. As the liquid cools until the freezing 
point of NiAs is reached, plates of NiAs start forming. They are not all 
parallel but form at different angles. The intersections of these plates 
form pockets, which prevent the Cu;As and lead from separating from 
the NiAs. One method of treatment would be to cool the solution to 
below the freezing point of NiAs but above that of the other constituents. 
The metallic lead could then be tapped off and some of the Cu;3As and 
lead will drain from NiAs. A similar condition exists in the copper- 
antimony series of alloys where Cub occurs. With these alloys con- 
taining about 40 per cent lead, about one-half could be removed by this 
method. No photographs are given of the plates of CusSb but they 
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fa ore 


mat #25 


ae 


Fig. 13.—NrAs 1n spniss No.1. X 100. Ercnant, HNO3. 

Fia. 14.—No. 138 REMELTED. CooLED SLowLy. X 25. Ercuant, FECt;. 
Fic. 15.—Spxriss No. 2. X 100. ErcHant, FECL;. 

Fie. 16.—Cu;As anp Ps. Spriss No. 4.  X 600. Ercnant, FeCr;. 

Fia. 17.—F ia. 16 QUENCHED FRoM 1000° C. X 2500. Ercuant, FECr;. 
Fie. 18.—Cvu;As-Ps nutectic. Spriss No. 4. X 1000. Ercuant, FeCt;. 
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form like the iron and nickel arsenides, freezing before the lead and 
holding it in the pockets formed by the intersecting plates. This condi- 
tion exists only in the experimental melts, as the compound Cu:Sb was 
never found in the furnace speisses. 

Another method that may be beneficial for the nickel speiss would be 
to treat it with iron, which would react with the Cu;As to form Fe2As 
and Cu. If the NiAs-Fe,As eutectic occurs near the NiAs end of the 
diagram the process should be economical. This eutectic may have a 
sufficiently low freezing point to permit working at low temperatures. 
If the Cu and Pb did not separate from this eutectic, PbS should be 
added. The reactions may be represented by the following equations: 


Cu3As + 2Fe — 3Cu + FesAs 
and 2Cu + PbS — Cu.8 + Pb 


This should give three products, metallic lead, iron-nickel speiss, and a 
matte consisting principally of copper sulphide. The reaction between 
copper and lead sulphide will not go to completion but will reach a state 
of equilibrium unless the lead is removed as formed. A double sulphide 
of lead and copper may form. 


Taste 10.—Results of Treating Speiss with Iron and Matte 


Speiss No. 2 Speiss 
Test Speiss, Fe, Added 
ak: eo Bor Cont ey kus Matte, Lead, Wet., Pb, Cu, 
Grams Grams Grams | Per Cent | Per Cent 

1 400 2 20 25.50 50.0 
2 400 4 28 25.05 50.8 
3 400 6 32 25 .96 50.0 
4 400 8 80 23.60 50.0 
5 400 10 0 25.13 49.8 
6 400 15 0 25.96 48.0 
if 400 10 78 24 324 32.33 44.8 
8 400 15 112 38 266 30.68 46.0 
9 400 20 130 53 275 32.10 46.4 

10 400 25 140 70 262 28.32 48.8 

ih 400 30 165 90 242 38.23 40.8 

12 400 50 255 154 167 25.05 46.8 


2 Matte from dross No. 3. 


The speiss from plant 2 was very refractory. Table 10 contains the 
results obtained when this speiss was treated with iron and matte. The 
amount of lead recovered by the addition of these reagents varied greatly 
and is not consistent. The higher amounts of iron added gave no metallic 
lead. An increase in matte gave an increase in metallic lead liquated, 
a decrease in the amount of speiss, and a lower copper-lead ratio in 


the speiss. 
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Fig. 15 illustrates the complex structure of the speiss from plant 2. 
The sample was cooled rapidly. The dendritic forms are Cu.S. The 
light material in the background is Cu;As; the darker areas are composed 
of Cu;Sb. The black spots contain the lead. 

The speiss from plant 4 is a typical copper speiss. The copper-lead 
ratio in this speiss should remain fairly constant with a value of three. 
Table 11 gives the copper-lead ratios obtained when different elements 
and compounds were added to this speiss. 


TaBLE 11.—Copper-lead Ratios 


Material Added, Cu/Pb Ratio 
er Cent in Speiss 

ATRSOTUGE ci sheteectcs s/See Tet he Ohta Seta ary aries 4.7 1.65 
ATS OTALCE Param. Falter a teehee aie eae Dee ost eae Pere 4.7 1.60 
Ani Gin On y Maes ee os ee rai Vee en ae en te Gas 1.00 
AMT OTS eee ak ole haat ease ae ted ad ene ea ees 7.8 0.93 
ATSCMO DY TiCC mrt: aos niece Ae RSs RRA. tee oe 4.0 

Crap: LLOUE ra asi. Lda are cacereeneh one carer attaras y= sole etree 5.0 1.78 
ATSONODY TUCO R she. css.a 8 one ee ha) co eraeae aMeen ceeds 9.4 

CTA DATOS tee ec etnies Gaerne renee 5.0 2.24 
An timOn ge (®, exces seek: rslaton haere Rea 4.0 

PCran MTOM. eae chert creer cae nh eae 5.0 1.15 
AT UM ONY Aap ied ea hy eRe ET Ren neers 9.4 

Scrap uronic eee ae, Meee ee ee ee on Moyes thee 5.0 1.07 
COPPERAS A eae Nee eMC ences ae ok es eerie eal 1.02 
(SOD DOTA Pi acter ert oar aE CR ate Bim tae ee 13.8 Lee 
DGLA DELON arene onc. isk oe alhata tier Rueben 3.2 3.13 
DCLATerOD ea. are Wonca. haan SOR Se a ee eee ee ne Seok 
OIA DrLOL Nes tert Met sc ant ices aahteeee Ree 3.2 2.82 
POTAD ITOD ait retical: Aan erica tee dite 3.2 2.92 


It has been shown that the function of the scrap iron is to reduce 
the lead sulphide present. This allows the lead originally present as the 
sulphide to liquate. Practically no lead is released by the reaction 
between copper arsenide and scrap iron. Some metallurgists claim that 
the addition of common iron speiss to the reverberatory charge is bene- 
ficial but it is shown herein that any beneficial action is due to increased 
fluidity and not to chemical action. The author does not believe that the 
use of this iron speiss is economical. Table 12 shows the amount of lead 
liquated from copper arsenide by the addition of common iron speiss. 
The sample of Cu;As contained 12.98 per cent lead. 
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The photomicrographs of the speisses from plant 4 are conclusive 
as to the compounds that form. Fig. 16 shows the compound Cu;As 
and lead. This sample is quite free from other constituents. It was 
cooled slowly. Fig. 17 is the same sample quenched from 1000° C. 
The lead remains in solid solution. Fig. 18 illustrates another sample 
from the same plant. This was cooled slowly. The eutectic of CusAs 
and lead forms the background. The light areas illustrate the solid 
solution of CusAs-CusSb. Fig. 19 illustrates the occurrence of sulphide 
inclusions. The surrounding mass is CusAs. 


Tasue 12.—Lead Liquated from Copper Arsenide by Addition of 
Tron Speiss 


Test No. Cu;3As, Grams Tron Speiss, Grams Lead in Speiss, Per Cent 
il 50 5 125i 
2 55 50 eo 
3 55 75 11.33 


Sennen Ons ee ee 


The different samples were used for securing the X-ray diffraction 
patterns. In all cases the compounds identified under the microscope 
were present. Sample 17 gave the lines of Cu;As but the cell was larger 
because of the amount of lead in solid solution. 

Only one illustration is submitted of the series in which iron speiss 
was added to the copper arsenide containing lead. The lead content 
was 12.98 per cent. Fig. 24 shows Fe,As in Cu;As. The speiss from this 
test contained 11.75 per cent lead. The amount of iron speiss added 
in this test was equal in weight to that of the copper arsenide. 

The speiss from plant 5 contains mostly Fe:As. The lead in this 
speiss, as in the others, is found associated with the Cu;As. Fig. 20 shows 
the Cu;As-Pb eutectic with excess lead. This photograph was taken at 
the intersection of two plates of Fe,As and illustrates the manner in 
which the plates prevent the separation of the lower freezing constituents. 
This photograph represents a spot on Fig. 4. 

The drosses from plants 3 and 6 contained an insufficient amount of 
speiss-forming constituents to permit study, but it is assumed that the 
speisses from these plants would be comparable to that of plant No. 4. 

The photomicrographs of the mattes from the plants are not given. 
No. 1 contains the eutectic Cu2S-PbS with excess Cu.8, No. 2 contained 
the same constituents as the first, No. 3 is composed of the CuzS-PbS 
eutectic with excess PbS, No. 4 is the same as No. 1, No. 5 gave an 
insufficient quantity to examine, No. 6 contained an excess of PbS over 
the eutectic composition. Table 13 illustrates schematically the con- 
stituents of speiss formed in the lead blast furnace according to the 


author’s work. 
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Fre. 19.—SuipHipes In Cu;As. Spriss No. 4. xX 3000. Ercuant, FeCr;. 

Fie. 20.—Cu;As-Ps nurectic wirn Ps. Spriss No.5. X 1000. Ercuantr, HNO. 
Fra. 21.—FE appED To spriss No. 4. xX 100. Ercuantr, HNO3. ! 

Fig. 22.—F ia. 21 ptus Fz. X 100. Ercuant, HNO. 

Fig. 23.—Fia. 22 ptus Fz.  X 100. Ercuant, HNO3. 

Via. 24.—Spriss No. 4. Iron spetss appep. X 100. Ercuant, HNO. 
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CONCLUSION 


This research proves the formation of the following intermetallic 
compounds in the lead blast furnace: Fe2As, NiAs, CusAs, CusSb. 

The first does not cause serious lead losses, the second is difficult 
to separate from Cu;As, which causes the greatest loss of any of the 
compounds, and may be considered as a cause of lead losses; the third, of 
course, is the principal cause of lead losses, and the fourth is definitely 
bad. 

One author® states that the common iron speiss consists of the 
compound Fe;As. The evidence of chemical and réntgenographic 
analyses does not bear out this statement. The only compound found 
was Fe.As. Another author® attempted to calculate the formula for 
the iron arsenide from chemical analyses. He obtained compounds 
having a high ratio of iron to arsenic, ranging from Fe;As2 to FegAso. 
Such calculations involve too many assumptions. This work has also 
shown that the arsenides formed in the blast furnace are not isomorphous. 
NiAs crystallizes in the hexagonal system, while Fe.As and CusAs erystal- 
lize in the tetragonal system, the former is simple tetragonal and the 
latter is of the body-centered type. 


Taste 13.—Constituents of Speiss Formed in Lead Blast Furnace 
Fe = Eutectic (may form) 


at 
A7¥e = Fe2As 
, + As = Solid solution of As in NiAs 
5 eer =Nids 4+ Ni = Solid solution of Ni in NiAs 
As ‘4 Pb = Solid solution of Pb in NiAs (very doubtful) 


een, © ik Cu;As-Pb eutectic 
ee. Pb = Solid solution of Pb in CusAs. 


\.Pb = Solution of As in Pb (?) No compounds. 


7Fe = Does not form in presence of sufficient As 
_sNi = Does not form in presence of sufficient As 


Sb ae _ sCusSb + Pb. Solid solubility up to 6.6 per cent Pb (?) 
4 =N\Cu.Sb. Does not form in speiss (?) 
\.Pb = Solid solution of Sb in Pb (?). No compounds. 


The data in Table 2 indicate that pure Cu;As need not contain 
more than 6.6 per cent lead. The lower figure at the eutectic point need 
not be considered, since the difference is not ereat and it is questionable 
whether the eutectic ever forms in the speiss. This figure was obtained 
by slow cooling. 

The same percentage was found in the minimum point of the lead- 
solubility curve in the Cu-Sb series and fell at the compound CusSb. 
Table 4 contains the analyses of the speisses. 

Since the complex speisses retain a much higher percentage of lead 
than the compounds alone, there must be other interfering factors, 
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probably either the effect of dispersing agents or of an increased solubility. 
The additions of scrap iron, common iron speiss, or of lead sulphide do 
not decrease the lead loss appreciably. The author believes that it would 
be beneficial to tap off the liquid speiss from the reverberatory and pour 
into another small furnace. The addition of lead sulphide at this point 
should be more effective. The arsenic should volatilize as the sulphide, 
the copper should form a matte, and a large percentage of the lead 
should liquate. 

The quenching of the speisses from the reverberatory furnace causes 
much of the lead to be retained in solid solution. A comparison of Figs. 
16 and 17, the former cooled slowly and the latter quenched from a 
high temperature, gives an idea of the amount held in solid solution. It 
has been thought that lead is insoluble in the compounds occurring in 
the speisses but these photomicrographs indicate a solubility. The 
solid solubility at room temperature was not investigated. 
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DISCUSSION 
(Carle R. Hayward presiding) 


G. L. Ouprieut,* Salt Lake City, Utah (written discussion).—Lack of space 
doubtless prevented the author from telling from his own experience and also from 
reviewing the literature as to how the described problems of lead drossing arose. The 
older practice of making matte-enrichment campaigns in the lead blast has been 
abandoned at many lead plants. Some of these plants send their mattes and speisses 


oo 
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to copper plants, which return the lead, perhaps with the original or even some added 
arsenic, to the lead plant. In this way a circulating load of volatile impurities can be 
built up that both plants must handle. 

C. A. Dice, T. B. Brighton and G. L. Oldright reached many of the same conclu- 
sions as Mr. Greene (see p. 127). The addition of iron scrap, for instance, was not 
found to free metallic lead when added beyond a certain quantity. Lead is soluble 
to considerable degree in FeS, as Leitgebel pointed out’. 

On fusing various quantities of copper with galena and allowing the mixtures to 
freeze into layers, it appeared from chemical and microscopical examinations that the 
reaction to form metallic lead was practically complete when the amount of copper 
added was only slightly in excess of the stoichiometric equivalent. Little metallic 
copper was found in the presence of PbS except. when certain portions of FeS were 
present, when there might be some ‘‘moss copper” present, as pointed out by Tiede- 
mann’, The temperature and time of fusion and the rate of cooling were found to 
have little effect on the amount of metallic lead retained. 

The copper-arsenic system as worked on by Bengough and Hill® and the lead- 
arsenic system as shown by Heike were found useful’. There seems to be a series of 
solid solutions in the range of Cu-As composition from CusAs to CusAsz. 

By melting a series of copper-lead-arsenic alloys, and plotting on a triangular 
diagram, the areas were worked out by Messrs. Dice, Brighton and the writer where 
there is a one-layer and where there is a two-layer system showing immiscibility on 
cooling. In general, the area of immiscibility slopes toward the lead corner of the 
ternary diagram, there is less than some 25 per cent of arsenic present and from 95 per 
cent to almost no copper present. 

The least amount of metallic lead (from 4 to 6 per cent) was retained when there 
was from 3.4 to 4.1 per cent of copper present for each per cent of arsenic when each 
mixture was allowed to settle until it froze. 

As Mr. Greene stated, the copper-arsenic system retains far more lead then do the 
sulphide systems. There seems a good opportunity to separate both copper and 
arsenic from some smelter charges by improvements in the practice of flotation. In 
general, arsenic may be best roasted off in a reducing atmosphere before the charge 
is fused. Arsenic may be volatilized more quickly by using a roaster with hearths 
than by employing the Dwight-Lloyd sintering machine. 


A. ZuntNEr,* New York, N. Y.—Some years ago J had a striking illustration in 
treating zinc-plant residues in the reverberatory. Higher copper concentrates were 
being run than now, and we were treating them in the reverberatory and driving the 
zine out as much as possible into the fuel. We had a coal running about 25 per cent 
ash, which caught fire rather slowly. We tried a different coal with a low ash, and 
there was a very marked difference in the temperature of the furnace at the burners. 
That end of the furnace was hotter, the smelting started sooner, we got a larger propor- 
tion of the furnace to the smelting temperature. 

We later treated the residue in a blast furnace. One reason was that the copper 
then was lower, nevertheless it was higher than normally it would be in a lead smelter. 
As I recall it, our furnace charge ran about one per cent copper, and we found that the 
furnace froze up very rapidly because of speiss. The only way we could run at all was 
to increase the lead fall a great deal and run the furnace rapidly, and in that way get 


7 Metall und Erz (1926) 23, 439. 

8 Tiedemann: Metall und Erz (1926) 23, 200. 

9 Bengough and Hill: Jnl. Inst. Metals (1910) 3, 34. 
10 Heike: Int. Ztsch. Metallog., 6, 49. 

* Consulting Engineer. 
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as high a temperature as possible in the crucible, and with the high lead fall, flush out 
or help to flush out some of the copper speiss. At that time, selective flotation had 
not done as good work as it does now, in producing high-lead concentrates, and the 
supply of lead concentrates was not enough to easily carry two smelters. These 
factors probably entered into the final decision to send the electrolytic-zine plant 
residue from Great Falls to the East Helena lead smelter. They could bring up the 
lead fall, and, also, the copper content was reduced because of being added to much 
larger amounts of low-copper materials. 

This paper brings back to mind the trouble we had because of the high copper con- 
tent of the charges when smelting in a lead blast furnace. We solved the problem of 
treating the high-copper material, but the final economic answer was to send it to the 
East Helena smelter. Incidentally, this work was done in a copper blast furnace in 
which we cut the lead well opposite from the slag tap, so that the lead well and the 
slag tap were in the middle of the furnace on each side, and not with the slag tap at the 
end, like the usual lead blast furnaces. This was because the copper blast furnaces 
were there, and we simply changed one of them over to a lead furnace. The matter of 
the unorthodox position of the slag tap did not affect us. 


O. P. CuisHotm,* East Helena, Mont. (written discussion).—The author states 
that reverberatory smelting of dross is essentially a liquation process. The author is 
right in stating that analysis of different speisses resulted, unfortunately, in no very 
definite conclusions being drawn. However, for several years this writer has con- 
trolled dross reverberatory operations producing speiss from dross by being furnished 
with Pb, Cu, Fe, As, and S determinations. We have observed that with insufficient 
“collector,” as in the case of speiss formation, the copper content and lead content 
were high. By the addition of some common speiss produced from the blast furnace, 
we have been enabled to produce a speiss with a higher ratio of copper to lead without 
lowering the copper content to a great extent. Economic reasons alone caused the 
accomplishing of the better ratio. 

Before Mr. Greene’s paper was published we had an idea that lead and arsenic 
formed a chemical compound and that a chemical reaction occurred when common 
speiss was added to the bath. Mr. Greene’s experiments convince him that the Fe,As 
only serves to form a fluid bath. Even if this is true, we have found its use very help- 
ful at some of our plants for securing a speiss with improved copper to lead ratio. Its 
special use is for a case where the ratio of copper to arsenic in a speiss is high and the 
iron content is low. Usually a speiss of this type tapped hot from a furnace is very 
high in lead as well. We can definitely predict in such a case that the addition of 
Fe:As improves the resulting speiss from the standpoint of higher copper to lead ratio. 
Of course, if too much common speiss is used, the percentage of copper becomes lower 
and the economic advantage may be lost. We have secured ratios of 7 Cu to 1 Pb by 
this procedure, but a lower than average copper content of the speiss resulted. 

Mr. Greene’s experiments show that metallic iron is of doubtful value in lowering 
the lead content of a speiss. In practice we have specific instances showing that the 
use of scrap iron will benefit copper to lead ratio. If the speiss has a high arsenic 
content and a low iron content, very often the lead percentage is high and the copper 
to lead ratio is low. An addition of scrap iron will improve the resultant speiss, for it 
probably forms FezAs, which in turn serves to form a fluid bath (to use Mr. Greene’s 
explanation) and releases metallic lead. Were the arsenic content low enough, the 
addition of scrap iron would not be effective, for most of the iron would enter the slag. 

We note an interesting point when comparing the speiss produced by Mr. Greene 
when melting dross sample No. 5 (see Table 8). The speiss is shown as No. 5 in 
Table 9. In actual practice this speiss tapped from the reverberatory, after perhaps a 


* Lead Smelter Superintendent, American Smelting and Refining Co. 
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little doctoring with common speiss, would have about the following composition: 
Pb, 13.6 per cent; Cu, 42.4; Fe, 12.0; As, 24.0. These results seem to correspond more 
closely to the analysis as shown for dross sample 5 than the results secured by Mr. 
Greene in his fire-clay melt. He must have secured a neglible quantity of speiss to 
have 1.10 per cent Fe in the dross account for 42.48 per cent Fe in the resulting speiss. 
In actual experience about an 8 or 10 per cent ‘“‘speiss fall’? would result from melting 
the dross designated as No. 5. 


C. E. Swarrz,* Cleveland, Ohio (written discussion).—In several places, Mr 
Greene mentions dispersing agents. It has been my contention that the difference 
in specific gravity and the pockets formed in the crystallizing of the higher melting 
speiss constituents have not prevented segregation of metallic lead in many speisses, 
but that this lack of segregation has been due to certain forces of adhesion between 
the metallic lead and the speiss proper. The nature of these forces is not entirely 
clear as yet. It may be a matter of surface tension or other force common to the 
colloidal dispersion. If so, these forces act on much larger particle sizes than is com- 
monly supposed. Spheres of lead have often been observed in speisses that were at 
least 14 in. in diameter. It seems more probable that the lead is dispersed by some 
force such as secondary or residual valence. - If this be the case, separation may be 
effected by satisfying these valences or by removing the negative radicals from the 
system. In other words, it is common knowledge that it is impossible to alloy copper 
and lead in anything like the concentrations that are found in speisses. Therefore 
the other constituents must be the stabilizers or dispersing agents. These constituents 
are arsenic and antimony and to lesser extent sulphur. If these constituents are 
completely removed, the two metals should readily separate, and, conversely, if 
enough of these constituents were added to satisfy the copper and lead completely 
separation should take place as all secondary valence or forces of adhesion would be 
satisfied. It is well known that in spite of the great affinity of copper and arsenic 
to form compounds, when arsenic is present in insufficient quantity to satisfy the 
copper present, some arsenic will be found dissolved in the lead. The copper is then 
trying to combine with this arsenic and the lead is trying to retain it in solution and 
at the same time reject all but a small amount of the copper present, thus we have 
a good chance for an emulsion to be formed. 

In trying to liquate lead from speiss by repeated heating and cooling, it has often 
been observed that there is a small button of hard lead after each operation. Another 
point that is less often observed in such experiments is the arsenic vapors that leave 
the melt. If the theory of dispersing agents being responsible for occlusion of lead 
by speiss is correct, these two observations of lead separating out and arsenic vapor 
coming off are closely related. 

On p. 176, Mr. Greene states that at 1000° C. most of the lead is retained in solid 
solution. I have examined a number of quenched speisses and compared them with 
the same speiss slowly cooled. A rough measure of the lead areas has always indicated 
the same degree of separation in both. 


G. U. Greene.—My work was completed prior to Mr. Oldright’s and his colleagues, 
but I did not get the material written up until after the completion of his work. 

Dr. Swartz’s comments are more from a theoretical standpoint and while I also 
have given evidence to the effect of dispersing agents, I do not place them in the same 
order as does Dr. Swartz. Furthermore, I do not exactly approve of this term of 
residual valence. However, I feel that this is a subject which is not sufficiently clear 
to apply to this study as yet. As to his criticism of my finding the solid solubility 
of lead in copper arsenide, I can only reply that I only reported what I found. 

Results of different investigators in a study of this kind vary mostly because of 
different materials and varying physical conditions. 


* The Cleveland Graphite Bronze Co. 


Softening of Lead Bullion 
By Arruur E. Hauyi,* Memper A.I.M.E. 


Tue operation of “softening” in lead refining is designed, as the word 
implies, to separate from the bulk of the lead the elements that tend to 
make lead hard. These elements, which invariably are present in argen- 
tiferous lead, interfere with the desilverization, and must be almost 
entirely absent in refined desilverized lead. They are mainly copper, 
antimony, arsenic and tin. 

The properties utilized in accomplishing this separation are the low 
solubility of copper or copper sulphide in lead at its freezing-point tem- 
perature, and the greater and selective affinity for oxygen of the other 
elements at temperatures of the order of 700° to 900° C., or, in the pres- 
ence of sufficient alkali, at a temperature of about 500° C. 

The major problems of softening lead bullion lie in the necessary 
subsequent treatment of the by-products of the primary operation, which 
contain, either chemically or mechanically, lead or reagents that must 
be isolated for market or re-use. Therefore an important objective of 
the primary operation must be the highest practicable concentration of 
these elements in the by-products. 

Within the past three decades, during which the writer has been 
engaged in lead refining, the technique of softening lead bullion has had 
as many variations as there were lead refineries. This was the result of 
the variation in composition and character of lead bullion received. 

The writer has received for refining shipments of lead bullion varying 
as widely as indicated by the following table: 


Ss, Per Crntr As, Per Centr Sn, Per Cent Cu, Par Cent Aa, Oz. prrR Ton 
1.00 0.05 nil 0.05 
0.50 2.50 2.00 0.50 200 
3.50 0.50 nil 0.30 350 


At times these have been received uniformly and at other times irregu- 
larly with a variation from week to week as wide as those shown. Under 
such conditions, establishment of a universal softening technique pre- 
sented many problems. Such variations existed because refinery tolls 
too often were based on a ton of bullion, whatever its composition, and 


Manuscript received at the office of the Institute, Aug. 6, 1936. 
* Consulting Meta'lurgical Engineer, Carlsbad, New Mexico. 
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there was a lack of coordination between the concentration mill (if one 
were involved), the smelting plant and the lead refinery. 

Because of distribution requirements and transportation costs, much 
lead bullion has been shipped from lead smelter to lead refinery in the 
shape of cold bars. These would vary from bars liquated at the smelter 
and containing only about 0.05 per cent copper, to those having a top 
crust of copper dross, due to hot molding, and containing, averaged over 
the combined weights, frequently more than 0.5 per cent copper. Ship- 
ments of cold bars have been received so high in arsenic that the bars 
would break if not carefully handled. Such material approaches a 
composition which should be termed speiss rather than bullion. 

In general, in the order of selective affinity for oxygen, the elements 
stand as follows, although reversible reactions often alter the relations: 
(1) arsenic, (2) tin, (3) antimony. However, this selectivity is not sharp 
enough to avoid economically the production of oxidized by-products 
grading from high to low content of an individual element. 

The refiner has been obliged not only to separate lead from the ele- 
ments named, but also to market antimony and tin, which requires a 
rather clean-cut separation between antimony and tin and the separation 
of these elements from the lead or reagent involved in the by-products 
containing them. The fusibility of any softening by-product is greatly 
decreased by the presence of tin oxide, and this has been another source 
of embarrassment. 

The presence of large percentages of arsenic in lead bullion at times 
has been due to the desire to produce arsenious acid at the smelter and 
the resultant crowding of the lead blast-furnace charge with arsenical 
material; a major portion of this arsenic was collected in high concentra- 
tion by the fume-filtering apparatus serving the blast furnace, but the 
arsenic content of the lead bullion was nevertheless increased above 
normal. Such bullion resulted in very low concentrations of arsenic plus 
antimony in softening by-products, by any procedure, theoretically 
indicated by: 

Sb.O; . . . 1 Ib. oxygen required by 5 Ib. antimony. 

As.O; . . . 1 lb. oxygen required by 1.875 Ib. arsenic. 


28b203 + 3As.03 = 48Sb + 3As205 


Such undesirable metallurgical conditions have been greatly lessened 
in North America, Australia and England, and most of the lead bullion 
being softened today by a refinery contains insignificant amounts of tin 
and a high ratio of antimony to arsenic. ‘This improvement in metallurgy 
can be ascribed to: 

1. The refining of large amounts of bullion at the smelter—Trail, 
Kellogg, Port Pirie, Monterrey, Midvale and Pefioles—and greater under- 
standing and coordination between smelter and refinery, so that bullion 
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is treated for copper either at the smelter or at the refinery before being 
charged to the softening operation. 

2. Employment of selective flotation, which has generally purified 
lead blast-furnace charges. 

3. Preparation of blast-furnace charges by sintering, which more 
evenly distributes the reduction reaction through the charge. This 
helps the softening because it tends to divert more arsenic to fume-filtering 
apparatus and less to lead bullion. 

These salutary measures (from the refiner’s standpoint) do not prevent 
the purchase by the smelter of profitable (even if complex) ores or the 
concentrates therefrom, and tend to a better over-all metallurgy. 

In view of the facts just stated, a fairly comprehensive discussion 
of lead softening involves much less complexity today than it would have 
10 or 20 years ago. 


GENERAL. PROCEDURE 


Elimination of Copper.—Elimination of copper is effected by: 

1. Cooling lead bullion with agitation to a temperature closely 
approaching freezing point, in a kettle, which gives a dross high in copper 
and a residual bullion containing about 0.05 per cent copper; 

2. Introducing crushed sulphur into the residual bullion in a way 
to give intimate contact, thereby reducing the copper content of the 
bullion to about 0.005 per cent. 

Elimination of Antimony, Arsenic, Tin.—Several methods are used 
for elimination of these impurities, as follows: 

3. Lead bullion containing 0.005 to 0.05 per cent copper is charged 
to a softening furnace in which its temperature is raised to between 
700° and 800° C. Oxidation of impurities is stimulated by agitation 
and by addition of lead oxide (litharge and other oxidized by-products 
from various refinery operations, high in lead oxide). The temperature 
of the residual metal is reduced to about 500° C. and the metal is trans- 
ferred to the succeeding desilverizing operation. 

4. The ratio Sb-As-Sn to lead in slags so formed in the softening 
furnace is materially increased by addition of alkali salts to lead oxide 
by-products charged to the softening furnace as oxidizer. 

5. Molten decopperized lead bullion is continuously sprayed by means 
of a centrifugal pump through a bath of molten alkali salts (preferably 
NaOH plus NaCl) until softened, at a temperature of about 470° C., with 
a uniform and continuous addition of sodium nitrate or some oxidizer 
like lead oxide. 

6. Continuous softening, actually today commercially applied to 
reverberatory-furnace softening and suggested for procedure No. 5, is a 
procedure in which molten decopperized bullion runs into one end of one 
or more units in a continuous flow and leaves at a corresponding rate 


ARTHUR E. HALL 197 


after having been subjected to one of the treatments indicated in 
procedures 3, 4 or 5. 


Discussion oF METHODS 
Elimination of Copper 


1. Hot lead bullion from the blast furnace, from which large infusible 
chunks of speiss-matte, if present, have been removed, is agitated in a 
kettle until cool. The agitation is accomplished by stirring machines, or 
submerged water or air pipes. The material is cooled to a temperature 
closely approaching the freezing point of the metal. The copper dross 
in rising entrains much metal. It is stirred briskly for 30 to 40 minutes 
with small additions of ammonium chloride, coal, rosin, sugar, sawdust or 
some similar material, and thus is freed from entrained metal and becomes 
a fine black powder. This powder contains about 10 per cent copper 
and the residual metal contains about 0.05 per cent copper. 

2. This having been accomplished, and the bullion being at the lowest 
possible fluid temperature, finely comminuted sulphur is introduced into 
intimate contact with the lead; for example, by a controlled flow of 
sulphur into the vortex produced by a stirring machine. More dross, 
entraining much lead, arises. This is continued until about 114 |b. 
sulphur per ton of lead has been introduced. The dross is then stirred 
as in procedure No. 1. The final dross removed will contain more than 
10 per cent copper and the residual metal will contain about 0.005 per 
cent copper. This process is covered by United States Patents No. 
1386503 (Hulst, 1921), No. 1706722 (York, 1929), No. 1891978 (Gross, 
1932). 

Further treatment, at least in lead refineries far from copper-convert- 
ing plants, depends upon treatment schedules offered by such converting 
plants for copper products and may be: 

a. The black powder is smelted in a reverberatory furnace with a 
small amount of lime-silica flux at a temperature of about 1000° C., 
producing: (1) speiss-matte, 60 per cent copper for shipment; (2) leady 
slag, returned to blast furnace; (3) metal, returned to copper elimination. 

b. The black powder is smelted in a reverberatory furnace with galena 
at moderate temperature, producing an arsenic-free matte about 20 per 
cent copper. To this 20 per cent matte is added scrap iron, which pre- 
cipitates lead and produces a matte containing more than 40 per cent 
copper, for shipment. : 

From the standpoint of softening lead bullion, the desirability of 
removing copper at this stage lies in the avoidance of a closed circuit of 
copper. If not so eliminated the copper is ultimately returned to the 
softening furnace in litharges used as oxidizers. Closed circuits of impur- 
ities have been the most common causes of high refinery costs. 
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Elimination of Other Impurities 


3. Lead bullion, having been decopperized to a point between 0.005 
and 0.05 per cent copper, is received in a reverberatory furnace, by gravity 
or pump or as cold bars. Its temperature is raised to about 700° C. and 
a controlled amount of lead oxide (litharge, fumes, etc., from other opera- 
tions) is introduced. The bath is agitated at such a temperature that 
an equilibrium is approached, possibly 35 per cent antimony in the slag 
and 0.2 to 0.5 per cent antimony in the metal, representing a condition 
where the slag is fluid and free from silver. This slag is removed. The 
residual metal is further agitated and subjected to further calculated 
additions of lead oxide, until the antimony content of the metal is reduced 
to less than 0.01 per cent. The furnace and contents are then cooled to 
about 500° C. and the metal is transferred to desilverization kettles by 
gravity. Chilled slag, comparatively high in lead oxide and low in 
antimony oxide, remains in the furnace in frozen condition awaiting a 
succeeding charge. The slag removed from the furnace is reduced to 
antimonial lead, generally in a silver-free blast furnace. This process 
is covered by United States Patents No. 1285714 (Hulst, 1918) and 
1950387-8-9 (Betterton, 1934). It has been described by Maier 
and Hincke!. 

High arsenic and/or tin ratio to antimony seriously interferes with 
this procedure. While increasing antimony oxide materially lowers the 
melting-point temperature of a mixture of the oxides in a slag within the 
range involved, tin oxide has the opposite effect and tends towards 
entrainment of metal and consequent silver in the slag, which necessi- 
tates an intermediate partial reduction of the slag to recover the silver. 
As indicated by molecular composition, both tin and arsenic decrease the 
possible concentration of antimony in softening slags and greatly diminish 
the possible total antimony plus tin plus arsenic concentration therein. 

Antimonial lead produced from slags containing considerable arsenic 
and tin requires treatment for elimination of these elements to render 
it marketable. 

It may be treated by the Harris process for the selective separation 
of arsenic and tin; or if it contains 14 per cent antimony, 2 per cent 
tin, 2 per cent arsenic, it may be stirred at 400° C. and will yield a 
metal low in tin (0.05 per cent) and a powdery dross containing about 
14 per cent antimony, 10 per cent tin, 2 per cent arsenic. Lead so 
treated is then stirred with caustic soda (about 2 Ib. caustic soda per 
pound of arsenic) which will reduce the arsenic content of the metal to 
about 0.05 per cent and give a slag containing lead and possibly 10 to 
20 per cent arsenic oxide. 


1 Trans. A.I.M.B, (1932) 102, 97. 
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There are methods still in vogue in which no attempt is made to 
produce essentially silver-free slags from the softening furnace, thus 
necessitating an intermediate ‘“‘partial reduction smelting of slags to 
desilverize”’ before reduction to antimonial lead. This causes an abnor- 
mal run-around of impurities and precious metals, which, however many 
reasons there may be for it, is bad metallurgical practice and deserves 
consideration only to the extent of discussion as to means of avoiding it. 
Such a discussion can be constructive only if carried on in the light of lead 
metallurgy as a whole. 


Fic. 1.—TypicAL REVERBERATORY SOFTENING FURNACE. 


A typical reverberatory softening furnace is illustrated by Fig. 1. 
The elevation of the furnace is established so that the furnace will dis- 
charge its contents by gravity through a taphole into the kettles of the 
succeeding operation. Fig. 2 shows in the foreground a launder in place 
through which 200 tons of softened lead bullion has been discharged into a 
kettle. Longitudinal concrete piers and transverse steel beams (which 
can be seen just above the working floor in Fig. 1) carry a rectangular, 
welded steel-plate jacket, the sides and ends of which are double and form 
a water jacket. The discharging cooling water pipes are shown in 
the foreground. 

Fig. 3 illustrates a typical refractory lining. Modern furnaces have 
thicker side walls than are shown here and use special refractories at the 
slag line but the top and bottom arches are generally of good quality 
firebrick. Tapholes are provided at both the level of the inverted arch 
in the middle of the furnace and at the sides of the furnace. Some fur- 
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naces are built with tapholes at the end, the bottom of the furnace 
sloping towards them, which makes possible a complete discharge of the 


Fic. 2.— KETTLES WITH A LAUNDER IN PLACE, THROUGH WHICH 200 TONS OF SOFTENED 


LEAD BULLION HAS BEEN DISCHARGED. 


This is not to be recommended when slag should be 
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left in the furnace to react with the succeeding charge, nor when cold bars 
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are charged into a softening furnace. 


The first furnace described is 


designed to leave 50 to 100 tons of bullion in the furnace to protect the 
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bottom from corrosion and shattering. With such protection, bottoms 
frequently have a life of 15 years. 

The furnace shown in Fig. 1 has a hearth area of 12 by 27 ft. and 
delivers 200 tons of softened bullion through a taphole at the top of the 
spring of theinverted arch. It will eliminate 4000 to 5000 Ib. of antimony 
in a 24-hr. cycle, depending upon the initial antimony content. The 
furnace has a damper in the flue, and often has an auxiliary burner in 
the side wall, to insure proper temperature all over the hearth area. 

Volatilization of lead in this operation does not exceed 3 lb. per ton of 
bullion treated. Volatilization of antimony is something less than 
10 per cent with bullion containing 1 to 2 per cent antimony. 

The consumption of fuel is approximately 750,000 to 1,000,000 B.tai. 
per ton of bullion containing 1 per cent antimony. 

4. One remarkable phenomenon, which has been the basis of hundreds 
of patents and processes, is the quantitative sharpness of selectivity in the 
affinity of oxygen for lead and antimony plus arsenic plus tin, in the 
presence of sufficient alkali salt. An example of this, which is cited only 
to indicate possibilities, is an experience of the writer some 16 years ago. 

A most unusual sulphide concentrate was the subject of experimenta- 
tion in the laboratory and small furnace. Its composition was about as 
follows: lead, 40 per cent; zinc, 20; antimony, 10; tin, 5; arsenic, 1; silica, 2; 
iron, 1 per cent; silver, 200 oz. per ton. This, roasted and smelted in 
conventional manner, yielded a very hard bullion. If dead roasted and 
melted with just sufficient sodium carbonate to supply soda for the 
production of sodium zincate, antimonate, stannate, arsenate, silicate, 
and ferrate, and just sufficient reducer to correspond to the lead con- 
tent, the fusion resulted in the production of a nearly pure lead containing 
quantitatively all of the silver and a slag quantitatively free from silver 
and lead. Every attempt to reduce the amount of soda from the pro- 
portion stated resulted in silver and lead in the slag. 

This experiment illustrates the basic principle of the use of alkali 
salts in lead refining. 

It is possible, therefore, in a softening furnace to increase materially 
the ratio Sb-As-Sn to lead in slags from that furnace by the addition of 
alkali salts, incidentally decreasing the melting temperature of such slags 
(particularly when tin is present) and making possible the reduction from 
such slags in whole or in part either complete or selective. Such practice 
is of economical advantage when slags containing soda are available 
from other operations. 

5. A cast-iron cylindrical receptacle several feet in diameter and deeper 
than the depth of molten lead bullion to be treated, with an outlet at the 
bottom fitted with a valve controlled from above, is sunk in a kettle of 
molten lead bullion to a depth approaching the total depth of bullion, 
insuring a seal of lead, and is charged with a molten mixture of caustic 
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soda and common salt. A vertically driven centrifugal pump submerged 
at the bottom of the lead bullion bath, outside of this cylinder, continu- 
ously pumps a stream of lead bullion through the alkali and out at the 
lower end of the cylinder to the main bath of bullion, without entrainment 
of alkali. 

For example, in a kettle 14 ft. in diameter and 7 ft. deep, a cylinder 
6 ft. in diameter may be used with a 3 to 4-ft. depth of alkali. Into this 
alkaline bath is pumped molten lead bullion at a rate of 30 tons, or 
85 cu. ft., per minute. Also, at a rate proportioned to the rate of oxida- 
tion required, cold sodium nitrate or lead oxide is fed into the cylinder by 
means of a mechanical feeder. 

With such an apparatus, 500 lb. of antimony-arsenic-tin has been 
converted into antimonate, arsenate and stannate of sodium per hour, 
and the operation continued so that the bullion is freed from antimony, 
arsenic and tin at a temperature of 480° C. with no volatilization of lead 
or of the several impurities involved. With proper manipulation, no 
lead is left in the alkaline salts. 

The cylinder can be supported by motor-operated trunnions, by means 
of which it can be tipped far enough to decant the alkaline product into 
a launder in which flows a hot, weak solution of caustic soda and sodium 
chloride resulting from a subsequent operation. 

The practical requirements of reagents for successful separation are: 


Reagents, Lb. For 1000 Lb. Sb For 1000 Lb. As For 1000 Lb. Sn 
NAO Eee eistrcnioon ts sera. 1500 2900 1912 
INCI ee... tenets ats <ccnte 354 819 524 
INTQIN.O yas Socrae are atone 620 1000 520 


In the separation of antimony, arsenic and tin from one another, 
several properties of the various alkaline salts are utilized: 

Sodium antimonate is insoluble in water or alkaline solution and more 
readily filtered from a solution containing common salt, which is in this 
case an electrolyte. 

Sodium arsenate is much more soluble in hot and/or concentrated 
solution of caustic soda than in cold and/or weak solutions of caustic soda. 

Sodium stannate, very soluble in water, is quite insoluble in strong 
(1.4 sp. gr.) solutions of caustic soda. 

Sodium stannate in weak alkaline solution, if heated with calcium 
carbonate, will yield a precipitate of tin and calcium rather free from 
arsenic (if present). 

Sodium arsenate crystallized by cooling from an alkaline solution 
invariably carries with it a certain proportion of tin (if present). 
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Insoluble sodium antimonate from alkaline solution invariably con- 
tains a constant percentage (about 2 per cent) of tin (if present). 

Alkaline solutions of sodium arsenate can be causticized by treatment 
with milk of lime, yielding insoluble calcium arsenate and a 10 per cent 
solution of caustic soda. 

These properties are cited to show that procedures of treating the 
alkaline by-products must vary as the proportion of the impurities 
varies, just as in furnace softening. 

Therefore, only one example is given of the treatment of alkaline salts 
from this process—a treatment that was applied to many thousands of 
tons of lead bullion: 

The alkaline salts were dissolved in the available weak (10 per cent 
NaOH) solutions to a specific gravity of 1.4. Antimony and tin salts are 
insoluble, and when filtered the cake contained some arsenic. ‘The 
strongly alkaline filtrate was chilled and the sodium arsenate crystallized 
therefrom was filtered out. The filtrate was transferred to a triple-effect 
evaporator for the recovery of anhydrous and molten caustic soda for 
re-use. The sodium arsenate was dissolved in water and causticized with 
milk of lime, yielding insoluble calcium arsenate, which was wasted, and 
a 10 per cent caustic soda solution, which in part was used for the solution 
of primary alkaline salts and in part transferred to the evaporator. 

The antimony-tin cake from the first filter was treated with water, 
yielding a sodium stannate solution and a sodium antimonate filter cake. 
The cake was dried and reduced to metallic antimony. The solution was 
purified of lead, tellurium, etc., by boiling with shot tin and was again 
filtered and electrolyzed hot, with iron insoluble anodes, in iron-lined 
tanks, for the production of pure tin. The spent electrolyte was trans- 
ferred to coolers, where arsenic was crystallized therefrom. The liquor 
was transferred to evaporators for the recovery of molten caustic soda for 
primary operation. 

6. A recent development of continuous lead refining, by G. K. Wil- 
liams (U. S. Patent 2043524) deserves the utmost consideration. That 
process is described by Mr. Williams in this volume (p. 226). 


CONCLUSION 


The remarkable developments in selective flotation in recent years, 
in combination with improvements in preparation of the charge and in 
operation of lead blast furnaces, mean that today over-all economical lead 
metallurgy probably does not involve sending large proportions of arsenic 
and tin to a lead refinery in lead bullion; these impurities can much 
better be separated from the lead at the mill or the smelter than after lead 
bullion has been produced. This might be interpreted as an effort to 
shift responsibility from one branch of the service to another... But when 
all is said the objective is to produce lead as cheaply as possible and separa- 
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tions should be made where they can be made with the least expense, 
irrespective of artificial and complicated transfer schedules, often designed 
to take advantage of abnormal conditions. 

The capital expense involved in a lead refinery can be multiplied 
several times if an effort is made to design a refinery that will take care 
of “anything.” 


=—_ 


Debismuthizing Lead with Alkaline Earth Metals, Including 
Magnesium, and with Antimony 


By Jesse O. Betrerron* anp Yurit E. LEBEDEFFT 


As a matter of the most widespread interest to lead-refining metal- 
lurgists, the process of desilverizing lead originated by Parkes is the most 
fundamental step in lead refining. While this basic operation, in addition 
to effecting a practically complete recovery of gold and silver, is also a 
great purifying operation and a governor on the purity and uniformity 
of the final refined lead, it has the important deficiency that no bismuth 
is removed in the operation. The problem of finding a satisfactory, 
inexpensive method for removal of bismuth that would fit in with the 
basic desilverization step has been one of enticing interest for lead-refinery 
metallurgists for many years. Of late it has become one of imperative 
interest, and while many attempts and much progress have been made, it 
is probably fair to say that metallurgical progress thus far is only catch- 
ing up with commercial requirements. 

The Pattinson process, an original competitor of the Parkes process 
for desilverization, has received much attention for its possibilities for 
bismuth removal. Bismuth concentrations in the Pattinson process fall 
far short of the silver concentrations and as a result too many operations 
are required and a crawl in grade in the kettle units is experienced which 
requires periodic correction. Altogether, it has proved too expensive a 
remedy, from the cost standpoint of both installation and operation. 

The Betts electrolytic process is a fully satisfactory remedy but its 
present status in the field of lead refining is more a matter of bismuth 
removal than preference as a refining system, except, of course, in 
instances particularly favorable to the basic requirements of the process. 
The Betts process, of course, is essentially different from the Parkes 
process, and very difficult to associate therewith to any economy except 
in minor ways. Accordingly, where economy dictates the Parkes proc- 
ess, and this is true of far the greater portion of the world’s tonnage, the 
adoption of the Betts process primarily for bismuth removal is apt to 
prove an expensive remedy on account of its normally higher cost of 
operation, inelasticity of the equipment for variable tonnages, and high 
per ton cost of installation. 

Manuscript received at the office of the Institute July 28, 1936. 

* General Manager of Lead Refineries and Director of Research, American Smelt- 
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From the foregoing it will be evident that conditions were favorable 
for the reception and development of Dr. Wilhelm Kroll’s pioneer work 
with the alkaline earth metals. Dr. Kroll first indicated to metallurgists 
that such a separation could be made and his basic patent* gave sufficient 
data from laboratory experimentation to make it appear worth while to 
try for a commercial development of the idea. 

The early history of this development in the American Smelting and 
Refining Co. was attended by many difficulties and disappointments. 
Even though the attempt was comprehensive and extended over a period 
of about two years, involving laboratory experimentation, small-scale 
development, and, finally, rather extensive tests in full-sized lead-refining 
kettles, the results were far from satisfactory. It appeared that too much 
calcium reagent was required, that the operation itself was slow and 
required particular skill, that the final lead could not be entirely freed 
of calcium, and finally, that the cost of the process would materially 
exceed any commercial allowance that could be made for it. Accordingly 
the data were collected and reviewed, and the project was discontinued. 

However, as the demands for some such process were on the increase, 
the matter was revived by the authors of this paper, with the thought 
that a thorough study of the basic characteristics of the process by means 
of closely controlled experimentation directed thereto might result in 
sufficient metallurgical improvement to place the process on a com- 
mercial basis. 

In the description of this development, we will follow more or less 
the sequence of events that led to the present status of the process and 
established it as both a metallurgical and commercial success in the field 
of lead refining, as evidenced by its use in the current, commercial treat- 
ment of comparatively large tonnages of lead. Accordingly this will be 
given under four main headings, as follows: (1) debismuthizing 
with calcium, (2) debismuthizing with magnesium, (3) debismuthiz- 
ing with calcium and magnesium, (4) debismuthizing to very low limits 
with antimony. 


I. DEBISMUTHIZING WITH CALCIUM 


The principles governing the removal of bismuth from lead with 
calcium are very similar to those regulating the removal of silver from 
lead with zinc, the reagent instead of zinc being calcium, preferably a 
calcium-lead alloy containing 3 to 3.5 per cent calcium. The active 
reagent is PbsCa, as will be noted from the constitutional diagram of 
the Pb-Ca series in Fig. 1. 


*U. 8. Patent No. 1428041. Subsequent Letters Patent of the United States, 
owned by the American Smelting and Refining Co., are Nos. 1853534, 1853535, 
1853536, 1853537, 1853538, 1853539, 1853540, 1853541, 1979442, 1989734 and 
2032788. 
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The procedure followed in both cases consists essentially of three 
major steps: (1) proper incorporation of the reagent both in respect to 
time of stirring and temperature of metal bath; (2) removal of the dross 
containing the compound or compounds of the reagent and the impurity 
to be removed, which rises to the surface of the metal bath because of 
its lower specific gravity; and (3) cooling of the metal bath to practically 
the freezing temperature, with further removal of the drosses formed 
on cooling. 

In our first attempt to develop a commercial process we made three 
important mistakes; namely, the use of too much reagent, the addition 
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Fig. 1.—LEAD-CALCIUM EQUILIBRIUM DIAGRAM. 


of the reagent at too high a temperature, and the incorporation of the 
reagent into the bath with too long a mixing period. Fig. 1 indicates 
that in cooling from too high a temperature the excess reagent will freeze 
out as Pb-Ca liquations, adding materially to the weight of the dross 
formed and the difficulty of separating it from the bath. The use of 
excess reagent is not only a prohibitive expense from the standpoint of 
reagent cost but it also greatly complicates the operating procedure. 
The tests in Table 1 have been selected from our experimental data to 
show the extent of bismuth removal by variable calcium additions, and 
to illustrate the ineffectiveness of excess calcium additions. In all experi- 
ments the final lead was tapped from beneath frozen crusts of exces- 
sive weights. 

Table 2 is included to show the effect of various calcium additions 
within the range of commercial work, particularly the low side of reagent 
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TaBLE 1.—Removal of Bismuth by Calctum** 


Analysis Metal Withdrawn from 


Bismuth in Original | Calcium Addition, Gaal Meet md ge Ca EOE ee 
Metal, Per Cent Lb. per Ton by Weight, Frozen 

as Crust Bi Ca 

0.140 3.0 37.3 0.048 0.069 

0.140 2.0 30.1 0.058 0.057 

0.140 1.5 PA leys 0.071 0.040 

0.140 1.0 23.6 0.090 0.029 

0.140 0.5 19.3 0.128 0.017 

0.045 8.0 41.4 0.030 0.071 

0.045 3.0 34.5 0.040 0.070 


2 Two hundred pounds of lead was used ineachtest. Calcium-lead alloy containing 
5.05 per cent calcium and 0.015 per cent bismuth was used. The alloy was added 
at 690° F., bath mixed 10 min. at that temperature and then allowed to cool to freez- 
ing. At the freezing temperature the molten metal was withdrawn from under the 
frozen crust through a special spout and spigot attached to the bottom of the kettle. 


additions and following a practical operating procedure of removing the 
drosses by skimming. It is also an illustration of the experimental meth- 
ods used in approaching and determining the minimum reagent additions. 


TaBLE 2.—Effect of Calcium in Commercial Work 


Percentage Original Final Metal Analysis, Calcium Distribution, 
Bismuth in Calcium Metal Removed er Cent Per Cent of Addition 
Original Metal, Addition, as Dross and Rim 
Per Cent Lb. per Ton on Cooling to 

Freezing Bi Ca To Metal | To Crust 
0.163 2.0 10.1 0.060 0.059 53.1 46.9 
0.163 1.5 8.6 0.0838 0.044 54.5 45.5 
0.163 1.0 9.2 0.114 0.0380 55.0 45.0 
0.163 0.5 10.8 0.155 0.019 68.2 31.8 


¢ Two hundred pounds of lead was used in each test. Calcium-lead alloy con- 
taining 5.05 per cent calcium and 0.015 per cent bismuth was used. The alloy was 
added at 660° F., metal bath mixed 10 min. at that temperature and then allowed to 
cool to freezing. The drosses formed on the surface of the metal bath after mixing 
the alloy and upon cooling to freezing, and the solidified rim on the inside circum- 
ference of the kettle were removed. The metal bath was then reheated, the kettle 
sides well scraped, and this dross also removed. The metal was then carefully sampled 
and the analytical results obtained are indicated in the above tabulation under the 
heading ‘Final Metal Analysis.’ 


The temperature of the bath at the time of reagent incorporation is a 
factor of great importance. Bismuth-calcium liquations will not freeze 


* In all tests tabulated in this paper refined lead of approximately the following 
composition was used: Silver, 0.0005 per cent; copper, 0.0004; zinc, 0.0005; iron, 
0.0002; antimony, 0.0005; arsenic, 0.0000; bismuth as indicated. 


— 


——— 
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out from ordinary low-grade bismuth lead at moderate working tem- 
peratures, as Table 3 will illustrate. A practical effect of this is to add 
more reagent at higher temperatures than is necessary or desirable in 
order to balance the apparent lack of debismuthizing. Final separation 
of the dross is impeded by too much reagent and the net result is a waste 
of free reagent into the dross, more oxidation of reagent, and a false 
determination of the amount of reagent actually required. 


TaBLE 3.—Effect of Temperature of Bath* 
(Calcium addition at 800° F. equivalent to 2 lb. per ton) 


: Calculated Calcium 
Persentage | MetaiPer | Atniveg Ser | Ber‘dent of 
Wetulk Ree Cent Addition 
moved as 
Dross 
7 Ca Bi Ca Mutal Dros 
Mrioimall Wath see. eats 2 re = “i 0.163 
Dross skimmed at 800° F..... eis 0.12 | 0.48 15.0 
Bath at 800° F. after skimming 
Gia see cothiend 6 saree ices wae 0.163)0.085 85.0 
Dross skimmed from 800° to 
AGING Bore 8 3 can cre On gee eS 1 0.163} 0.16 3.0 
Bath at 750° F. after skimming 
GIRASEIS Siac pol Molen eae 0. 163)0. 084 82.0 
Dross skimmed from 750° to 
FOU Re ices eas cna 1G 1.137] 0.38 6.0 
Bath at 700° F. after skimming 
GiRO SSIS oR 8 2 a eo ee 0. 143|0.079 76.0 
Dross skimmed from 700° to 
GOORREUN Nie citueara, te ete ie, ¢ 2.3 2.59 | 0.69 16.8 
Bath at 650° F. after skimming 
GREE 3S cal oo Bee oe 0.082/0. 063 59.2 
Cooling dross and rim removed 
from 650° F. to freezing.... 8.7 0.28 | 0.13 11.2 
Bath after cooling dross re- 
MONML & od poor oon BIS OOR 0. 060)0. 056 48.0 


2 Calcium-lead alloy containing 3.21 per cent calcium and 0.10 per cent bismuth 
was used in the above test. The alloy was added to the metal bath at 800° F. and 
mixed one minute at that temperature. One hundred and seventy pounds of lead 
was used for this test. 


Too long stirring in incorporating the reagent adds to the loss of 
reagent through oxidation, particularly at higher temperatures. The 
weight of dross is likewise greatly increased, an effect apparently of 
incipient oxidation of the calcium. 

Tn view of the foregoing, it will be clear that the best procedure is one 
that tends to minimum calcium additions at minimum temperatures, 
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and with the least stirring consistent with proper incorporation of the 
calcium into the bath. 

Table 4 shows the effect of the addition of calcium in stages. Like- 
wise, it brings out the important conclusion that the Bi-Ca compound 
actually present in the dross removed has the formula Ca;Biz. Because 
of the strongly exothermic reaction between bismuth and calcium, it has 
been found impracticable to make up the Bi-Ca constitutional diagram, 
although some very thorough attempts have been made. ‘This is due to 


TaBLe 4.—Effect of Addition of Calcium in Stages 


nator Ca-Pb Alloy Dross Re- 
of Metal, Addition moved ea: 
Per Cent ma praiige: 
Weight, 
Lb. Analysis, 
Lb. Ca Per Cent 
Bi Ca per Bi Ca 
Ton 
Ca Bi 
Originals bath se semiaqa eek or 204.5 |0.900 
First calcium-lead addition“. ... 4.69 1.03" 2.29) 0237 
First dross removed.......... 2.7 9-4 (ore 
Bath after first dross removed..} 206.5 |0.781\0.020 
Second calcium-lead addition. . 4.0 O91 220 Ors 7 
Second dross removed......... 16.0 2:6 | "020 
Bath after second dross removed] 194.5 |0.621|0.021 
Third calcium-lead addition... 4.94 Le cele ines z. 
Third dross removed.......... 13.5 Sal WOR 
Bath after third dross removed.| 186.0 |0.434/0.030 
Fourth calcium-lead addition. . 4.75 1.04 | 2.29) 0.37 
Fourth dross removed......... 14.10 2.6 1 Oad 
Bath after fourth dross removed] 176.7 |0.259/0.037 
Fifth caleium-lead addition.... 4.13 0.92 | 2.29] 0.37 
Fifth dross removed.......... 8.75 2.8} 0.8 
Bath after fifth dross removed. .| 172.0 |0.134/0.053 
Sixth calcium-lead addition.... 4.31 0.96 | 2.29) 0.37 
Sixth dross removed.......... 4.30 1.9 | 0.6 
Bath after sixth dross removed.) 172.0 |0.096)0.096 
Cooling dross and rim removed.| 50.0 0.18) 0.12 


Bath after cooling dross removed| 122.0 |0.059/0. 086 


* Hach addition of calcium-lead alloy of analysis indicated above was mixed 2 min. 
at 650° F., after allowing 5 min. for melting, previous to mixing. The drosses formed 
after each addition of alloy were removed at 650° F. Calculation of the drosses is 
given in Table 5. 
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the destruction of the laboratory apparatus by the high temperatures 
resulting. Most of the curve has been explored and the compound 
Ca;Biy arrived at in all the experimental efforts» Table 5, therefore, is 
a confirmation reached by a totally different method. 


TasLe 5.—Calculation of Calcium-bismuth Compound Ratio in Drosses 
Formed and Removed at 650° F. in Test Indicated in Table 4 


eee seen 


oe ge Calculated Contents of Compound Contents 
otal Content: sb: isn oeaee Se by Difference, Lb. 
Bi Ca Bi Ca Bi Ca 
INES bCOSS see ea. 3 0.246 0.066 0.020 0.0004 0.226 0.066 
Second dross......| 0.420 0.095 0.096 0.0030 0.324 0.092 
sPhardndnOsss se. as - 0.417 0.100 0.057 0.0040 0.360 0.096 
Fourth dross....... 0.367 0.100 0.037 0.0050 0.330 0.095 
ntti GrOSS sa. c+ 0.243 0.068 0.012 0.0050 02231 0.063 
Sixth dross.......- 0.081 0.025 0.004 0.0040 0.077 0.021 
Aiell. 4 <8 ee oe 1.774 0.454 0. 226 0.0214 1.548 0.04383 
ete 
: : : 1.54 
Ratio of Bi to Ca in compound = poe = B50 
0.433 
416.0 
Ratio of Bi to Ca in Ca;Biz = —— = 3.46 
120.2 


Table 6 is a reagent table based on our experience for various grades 
of bismuth-bearing lead to produce lead with a final content of about 
0.048 per cent bismuth. 


Taste 6.—Calcium Required to Produce Final Lead of 0.048 Per Cent 
Bismuth Content* 


Bismuth Content Calcium Requirement, Bismuth Content Calcium Requirement, 
Original Lead, Lb. per Ton of Lead Original Lead, Lb. per Ton of Lead 
Per Cent Treated Per Cent Treated 
0.10 2.0 0.60 5.0 
0.20 3.0 0.70 Deo 
0.30 3.5 0.80 6.0 
0.40 4.0 0.90 6.5 
0.50 4.5 1.00 TEU) 


« This table is applicable only to lead containing less than 0.01 per cent combined 
arsenic plus antimony. 


Errect oF IMPURITIES 


Based on our experience, arsenic or antimony in excess of 0.01 per cent 
will be removed by calcium before any appreciable elimination of bismuth 
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occurs. It is important, therefore, that these impurities be within this 
limit for the most economical and successful operation. Our results 
indicate the formation of compounds Cas;Sbz and Ca3Asz. 

Zine below 0.3 per cent does not combine with calcium when debis- 
muthizing lead containing, for example, 0.2 per cent bismuth. If the 
zinc is in excess of 0.3 per cent, our results show that about one pound of 
calcium is consumed in removing 5.5 lb. of zine at temperatures above 
660° F. Below this temperature the ratio is about one pound of calcium 
to 11 lb. of zine, indicating a different and a higher zinc compound. 

There is no indication of copper removal when desilverized lead con- 
taining 0.001 per cent copper or less is debismuthized with calcium. 

Silver in desilverized lead is very slightly removed, but to no practical 
extent, by the addition of calcium. 


II. DEBISMUTHIZING WITH MAGNESIUM 


Paralleling debismuthizing with calcium, we have used magnesium 
alone. With the ordinary grades of bismuth-bearing lead bullions 
encountered at the refineries, and with anything like economical addi- 
tions of magnesium, no debismuthizing takes place. This is clearly 
demonstrated by results of tests shown in Table 7. 


TaBLe 7.—Removal of Bismuth with Magnesium? 


Percentage of Analysis Metal Removed from under 
Original Bismuth Magnesium Original Metal, Frozen Crust, Per Cent 
Content, Per Cent | Addition per Ton by Weight, 
Lead Treated, Lb. | Frozen as Crust 
Bi Mg 
0.180 8.0 38.2 0.188 0.380 
0.180 3.0 34.6 0.185 0.146 
0.180 LG 22.5 0.180 0.048 
0.60 20.0: 33.7 0.15 0.991 
0.60 10.0 33.4 0.40 0.498 
0.60 3.0 30.2 0.58 0.146 
0.60 1.0 21.6 0.60 0.046 
0.93 10.0 30.8 0.52 0.461 


* Magnesium added to a lead bath of 200 lb. in the form of magnesium turnings. 
The addition was made at 660° F. to the vortex of a mixer. Total mixing time varied 
from 5 to 10 min. at 660° F., depending upon the amount of magnesium used. After 
the incorporation of magnesium, the metal bath was allowed to cool to the freezing 
temperature and the molten mother liquor was withdrawn from under the frozen crust 
through a spout and spigot arrangement attached to the bottom of the kettle. 


Debismuthizing becomes apparent on bullions of about 0.5 per cent 
bismuth for moderate use of reagent, but even for this grade anything 
like effective bismuth elimination would require a prohibitive amount of 
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magnesium. This is apparent from the tests in the second and third 
sections of Table 7. 

Owing to the fact, however, that the bismuth problem is often dealt 
with at smelting plants by segregated smelting, thus producing a small 
amount of high-bismuth bullion, in order to clean the greater portion of 
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Fic. 2.—BISMUTH-MAGNESIUM EQUILIBRIUM DIAGRAM. 
the bullion, the use of magnesium alone for debismuthizing at the refin- 
eries becomes of considerable interest. 

Table 8 illustrates an application of magnesium alone for the removal 
of bismuth from lead containing high percentages of bismuth. The 
procedure followed in this test is similar to that used in plant operations, 
except that in practice metallic magnesium is used instead of lead-mag- 


Temperature, deg.C. 
§ 


0 y 
Pb 10 20 30 40 50 60 10 80 90 
Per cent 


Fie. 3.—LEAD-MAGNESIUM EQUILIBRIUM DIAGRAM. 
nesium alloy. The solution of magnesium metal is easily accomplished 
by submerging the cast magnesium pigs in a perforated iron basket, under 
the surface of the lead bath, and then impinging a stream of lead, issuing 
from a pump, directly on the magnesium held in the basket. Calcula- 
tions in Table 9 show that the bismuth is removed by magnesium in 
accord with the formation of a definite compound Mg;Biz. 
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Tasie 8.—Effect of Magnesium on Lead Containing High Percentages of 


Bismuth? 
¥ Dross Removed, 
pees ras Calculated 
Weight, Metal, Per Cent uaa, 

Bi Mg Bi Mg 
Original ath scm take ruse anes eee enero 171.2 | 4.12 
First addition of magnesium-lead alloy...... 6.29 | 0.2 |12.40 
First dross pressed and removed at 660° F... 8.0 24.4 | 4.08 
Bath after first dross removed at 660° F..... 169.4 3.02 | 0.268 
Second addition of magnesium-lead alloy... . 5.35 | 0.2 {12.40 
Second dross pressed and removed at 660° F..| 10.4 25.1 | 4.34 
Bath after second dross removed........... 164.3 1.52 | 0.402 
Dross and rim removed in cooling to freezing..| 55.0 2.98} 0.65 
inal bathinnc- oie et te eeretee one wee Semeterae 109.3 | 0.78 | 0.277 


2 Magnesium was added to the lead bath in the form of a magnesium-lead alloy 
containing 12.40 per cent magnesium and 0.2 per cent bismuth. The first addition 
was made at 730° F., the alloy was allowed to melt 25 min. at 730° to 680° F., and then 
mixed 3 min. at 680° F. The formed dross was removed at 660° F. and pressed in a 
hand-operated screw press, allowing the lead squeezed out to drain back into the kettle. 

The second addition was made at 685° F., the alloy was allowed to melt 45 min. 
at 685° to 630° F., and then mixed 3 min. at 690° F. The formed dross was removed 
at 660° F. and pressed in a hand-operated screw press, allowing the lead squeezed 
out to drain back into the kettle. 

After the removal of the second dross, the metal bath was allowed to cool to 
freezing, and the dross, crust and rim formed on cooling were removed. 


TaBLE 9.—Calculation of Magnesium-bismuth Compound Ratio in Drosses 
Formed and Removed at 660° F. in Test Indicated in Table 8 


Contents of Metal 


F . Compound Content in 
Total Contents, Lb. aa ion ae Dross, by Difference, Tab 


Bi Mg Bi Mg Bi Mg 
Pirstidross..s.s.50's 1.953 0.327 0.181 0.016 1.772 0.311 


Second dross....... 2.620 0.457 0.110 0.030 2.510 0.427 


4,282 0.738 


Ratio of Bi to Mg in compound present in dross = ae = 5.80 
Ratio of Bi to Mg in compound Mg;Bie = Fone = 5.70 


Table 10 is a magnesium addition table for large-scale commercial 
operations for treatment of the higher bismuth-bearing bullions. Reduc- 
tion to 0.7 per cent bismuth is contemplated, at which point final debis- 


JESSE O. BETTERTON AND YURII E. LEBEDEFF PANS 


muthizing is completed by the combined calcium-magnesium process 
next to be described. 


Taste 10.—Magnesium Required to Produce Lead Containing 0.7 Per 
Cent Bismuth* 


nnn EEE 


eae ecu Betteds |b Gomeat, bar Cant | Lb. pee Tons 
6.0 20.4 3.5 13.9 
5.5 19.1 3.0 12.6 
5.0 17.8 2.5 11.3 
4.5 16.5 2.0 9.9 
4.0 15.2 ies 8.5 


This table is applicable only to lead containing less than 0.01 per cent combined 
arsenic plus antimony. 


Effect of Impurities 


Magnesium will remove both antimony and arsenic to a content of 
less than 0.01 per cent before any appreciable elimination of bismuth is 
obtained. Our results indicate the formation of compounds Mg;Sb. 
and Mg3As». 

Zine has no appreciable effect on magnesium. 

Our experience with lead containing 0.001 per cent copper or less 
indicates no removal of copper by the addition of magnesium. 

Silver in desilverized lead is practically unaffected. 


Ill. DEBISMUTHIZING WITH CALCIUM AND MAGNESIUM 


As previously shown, debismuthizing with magnesium alone is apph- 
cable only to high bismuth-bearing bullions, and debismuthizing with 
calcium alone has distinct limitations, particularly by reason of insuffi- 
cient removal of bismuth. On the other hand, the use of both calcium 
and magnesium is the basis of our present commercial practice and effects 
a marked improvement over the use of calcium alone. 

The bismuth content of the final lead can be reduced much lower by 
using both calcium and magnesium than by using either alone. As both 
compounds, CaszBie and Mg;Bis, appear in the dross, apparently the 
presence of both reagents creates a mutually greater insolubility of both 
compounds. However, in very low bullions—that is, 0.05 per cent 
bismuth and less—the function of magnesium appears to be mainly that 
of decreasing the solubility of CasBie. This is illustrated by Table 11, 
which shows the effect of adding magnesium to lead containing 0.049 per 
cent bismuth and 0.08 per cent calcium. 

When calcium is added in increasing amounts to lead containing 
definite amounts of magnesium and bismuth, the effect is to first debis- 
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muthize to a certain limit, depending upon the original magnesium con- 
tent; thereafter, further additions of calcium result in no further removal 
of bismuth, but simply pass into the dross (Table 12). 


Fia. 4. Fie. 5. 
Fias. 4 anp 5.—BISMUTH DROSSES. X 75. 

Fig. 4. Dross from test 1, Table 14. Bi, 6.89 per cent; Ca, 1.36; Mg, 0 43. 

Fig. 5. Dross from test 2, Table 14. Bi, 5.49 per cent; Ca, 0.75; Mg, 0.57. 

The rather fine-grained light constituent is Mg;Bis. The darker constituent tend- 
ing to rhombic shape is CasBiz. The small spots contained within these grains often 
are points where decomposition has set in. Fig. 4, it will be noted, contains con- 
siderably more Ca;Biz than Fig. 5. The dark spots are voids or oxide inclusions. 

Compound Ca3Bi2.—Melting point, 1702° F. Rhombic and coarse in size. 
Brownish in color with slight purplish tint on standing. Moderately hard and 
somewhat brittle. _Decomposes readily. 

Compound Mg;Bi..—Melting point 1319° F. Fine globular and irregular in shape. 
Light gray in color, tarnishing on long standing. Hard. Fairly stable. 


Taste 11.—Addition of Magnesium to Lead Containing Calcium and 


Bismuth* 
Reber eh Percentage of pales of ta Baie Magnesium Dis- 
nesi asi igi f ibuti 
B idision, fer Cont eae | Vee] Orehe, Pen Cent: att oe en 
Lb. per by Weight, 
Ton Frozen as 
Bi Ca Crust Bi Ca Meg To Metal | To Crust 
0.049 | 0.080 1.0 24.5 0.030 | 0.076 | 0.048 72.0 28.0 
0.049 | 0.080 2.0 29.1 0.019 | 0.076 | 0.094 66.6 33.4 
0.049 | 0.080 3.0 37.2 0.009 | 0.074 | 0.145 60.6 39.4 
0.049 | 0.080 5.0 42.7 0.005 | 0.072 | 0.240 55.1 44.9 


¢ Two hundred pounds of caleium-bearing lead was used in each test. Magnesium 
was introduced by placing magnesium metal turnings in a perforated basket and 
submerging the basket under the surface of the bath at 680° F. Upon solution of 
magnesium, the metal was mixed for 3 min. at 670° F. The metal was then allowed 
to cool to freezing. At the freezing temperature the molten metal was withdrawn 
from under the frozen crust through a special spout and spigot arrangement attached 
to the bottom of the kettle. 
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Taste 12.—Addition of Calcium to Lead Containing Magnesium and 


Bismuth 
Analysis : i 
Metal before Percentage Analysis of Metal Calcium 
Calcium Addition, Coidamn of Original Withdrawn from under Distribution, — 
Per Cont Aadition, ‘ ee Frozen Crust, Per Cent Per Cent of Addition 
Lb. per Ton Weer 
Bi Mg eee Bi Ca Mg To Metal | To Crust 
O2052) 205075 1.0 21.4 0.025 | 0.043 | 0.050 67.4 32.6 
0.052 | 0.075 2.0 28.1 0.023 | 0.070 | 0.046 50.3 49.7 
0.052 | 0.075 3.0 31.0 0.024 | 0.070 | 0.045 32.2 67.8 
0.052 | 0.075 5.0 38.7 0.023 | 0.070 | 0.048 17.2 82.8 


* Two hundred pounds of magnesium-bearing lead was used in each test. Calcium 
was introduced by placing the required quantity of calcium-lead alloy, containing 
3.01 per cent calcium and 0.1 per cent bismuth, into a perforated basket and sub- 
merging the basket under the surface of the bath at 680° F. After a melting period, 
the metal bath was mixed for 5 min. at 680° F. The metal was then allowed to cool 
to freezing. At the freezing temperature the molten metal was withdrawn from under 
the frozen crust through a special spout and spigot arrangement attached to the 
bottom of the kettle. 


Tasie 13.—Joint Addition of Magnesium and Calcium to Lead Containing 


Bismuth? 
= Test 1 Test 2 Test 3 
Bee eee ie toe Ga 1.5, Mg 0.5 |Ca 1.0, Mg 1.0 |Ca 0.5, Me 1.5 

Original bismuth content of metal, per cent. . 0.17 Os17 0.17 
Dross, by weight, removed after reagent addi- 

HIGUMeROOU m Hes DEL COM anit 52 sisieue« «> 01s 4.8 8.2 8.9 
Calculated content of dross, per cent: 

IShemaod .a oo Geo ob on Tee moecn COmamc mtn 1.8 1.2 a4 
Metal contents after dross removed at 650° F. 

per cent: 
TBHGTONIOIN ED, Sigeady 8 pacha aR lo e OREN Se Omar 0.089 0.076 0.069 
Calcium and magnesium.........0......-. Not Not Not 
determined | determined | determined 

Cooling dross and rim removed on cooling to 

practically freezing temperature, per cent. . 8.9 8.2 8.2 
Metal contents after cooling dross and rim 

removed, per cent: 

LTS ITILE eee CEL oe cietane sleters seua ce sisi 0.064 0.044 0.045 

(Coilketilii wads op-r.00 00g OD ane noe ocr cma 0.045 0.034 0.005 

PAG UCRINM a Naeem. iter eles os Siete ela eels 0.019 0.036 0.053 


2 Caleium-lead alloy containing 3.01 per cent calcium and 0.10 per cent bismuth 
was used in above tests. Procedure followed was the same as described for tests 
indicated in Table 14. 
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Tables 13 and 14 show clearly that a ratio of calcium to magnesium of 
approximately one to one is the most effective proportion of these reagents 
to use. Calculations in Table 15 indicate that both the magnesium and 
calcium are effective debismuthizing reagents, forming their respective 
compounds with bismuth, Mg;Biz and CasBis. 


TaBLE 14.—Joint Addition of Magnesium and Calcium to Lead Containing 
Bismuth 


Test 1 Test 2 Test 3 Test 4 


Reagent Addition, Lb. per Ton 
Ca 2.57, Ca 1.99, Ca 1.35, Ca 0.70, 
Mg 0.83 Mg 1.13 Mg 1.54 Mg 1.81 


Weight original lead bath, lb............] 193.0 198.9 200.7 199.1 
Original bismuth content of metal, per 

CON tastes bk chy sees eras rots: «ee 0.400 0.400 0.400 0.400 
Dross, by weight, removed after reagent 

addition at 660° F., per cent.......... 5.2 6.5 8.9 9.2 
Calculated content of dross, per cent: 

IBISINU GH cers ee art ie ete ne me forsee 6.89 5.49 3.96 3.55 

(CEH errs Maen Atte ei eG « 1.36 0.75 0.43 0.33 

IMisiomCSiNin 7 nice esis orca eiee ied 0.438 0.57 0.47 0.48 
Metal contents after dross removed at 

645° F., per cent: 

USiGianhd eee meme tree 2 ows cine a.rms 0.064 0.062 0.059 0.087 

(Gal eivimi', ec iis tars ete gta ower neks tte 0.058 0.052 0.031 0.005 

Magn esiumncecnta. aatactie coh Oe 0.019 0.022 0.035 0.050 
Cooling dross and rim removed on cooling 

to practically freezing temperature, per 

CTSA NS ee PaO Rae AARNE $5 DEES SVG al Ieee 23.3 31.5 39.0 32.5 
Metal contents after cooling dross and 

rim removed, per cent: 
Bigmawthiaie ae eater tere tae tee 0.053 0.050 0.042 0.085 
Galo the, act ere ek esene oe eee 0.057 0.051 0.030 Tr 


* Calcium-lead alloy containing 2.23 per cent calcium and 0.37 per cent bismuth 
was used in these tests. The required quantities of magnesium metal and calcium- 
lead alloy were placed in a perforated basket and submerged under the surface of the 
metal bath at 680° F. Upon dissolution of the reagents, the metal in the kettle was 
mixed for 5 min. at 660° F. The bath was then allowed to cool to freezing and the 
additional formed drosses and the solidified rim on the inside circumference of the 
kettle were removed. The metal bath was then reheated, the kettle sides well 
scraped, and this dross also removed. 
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The photomicrographs of Figs. 4 and 5 show the presence of both 
compounds in the drosses removed from tests 1 and 2, Table 14. 


TasLe 15.—Calculations to Show that Bismuth Contained in Drosses 
Removed at 645° F. in Tests Indicated in Table 14 Is Present 
as Compounds Ca3Biz and Mg3Bi2 


Test 1 Test 2 Test 3 Test 4 


Total dross contents, lb.: 


Bismuth ok GERNSY OREO S dob Jee Ae ene 0.689 | 0.709 | 0.717 | 0.650 
Calcium aE dS ala ne Qbe Or Cece ae eee 0.136 | 0.097 | 0.077 | 0.061 
MIGROS = Soh acado aS cannons Glee oeomer 0.043 | 0.070 | 0.087 | 0.088 


Calculated contents of metal mechanically held in 
the dross, lb.: 


TEVGIeTN Osa actocn crake bata a ae Gene GAO occ 0.006 | 0.007 | 0.010 | 0.016 

(CEIET USAC. Se chge iad ce go GREE ES te Rn 0.006 | 0.006 | 0.005 | 0.001 

IMFAGAMESIU G5 dOg ao 6 Bade cimeices Gm ON en 0.002 | 0.002 | 0.006 | 0.009 
Compound contents of dross by difference, lb.: 

EYER aonttaet a toned See oe Gen acme to ier 0.683 | 0.702 | 0.707 | 0.634 

Cirlleittian., «scans od See ee Dooce saree 0.130 | 0.091 | 0.072 | 0.060 

i ILSJfea 0S ht ea ae Ce 0.041 | 0.068 | 0.081 | 0.079 


Caleulated bismuth content of dross if present as 


CasBiy based on compound calcium content as 
determined above... cease ok oe ee asthe eie 0.451 | 0.314 | 0.249 | 0.207 


Calculated bismuth content of dross if present as 
Mg:Bi based on compound magnesium content 
as determined above... .......--++eeeeeeeeees 0.234 | 0.388 | 0.462 | 0.450 


Total compound bismuth content of dross as calcu- 
lated on basis of formation of compounds CasBiz 
Pe (Biase 2 shone a Mee ons nore Ne Frit oY 0.685 | 0.702 | 0.711 | 0.657 


pee Ee 


Tables 16 and 17 show the reagent efficiencies, using a one to one 
ratio, and also the extent of the bismuth removal for reasonable quantities 
of reagent. In tests of Table 16 the final metal was withdrawn from 
under a heavy frozen crust. Tests of Table 17 parallel those of Table 16 
except that the procedure used corresponds to the practical application 
for the use of both reagents in debismuthizing. Drosses in this case are 
removed by skimming and are less in weight, although the bismuth and 
ealcium contents of the final metal are somewhat higher. 

Table 18 shows the effect of temperature on the separation of bismuth- 
ide compounds from lead. For the erade of lead used, the maximum 
elimination of bismuth occurred at temperatures below 700° F. 
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TaBLE 16.—Joint Addition of Calcium and Magnesium to Lead Containing 


Bismuth? 
Analysis of Calei M : 
pean Fenced Percentage Me ye Disteibusion: } Distributians 
in Original Lb. per Ton Wek be. Per Cont , Per Cent Per Cent 
Metal, Weight, 
Per Cent 7s Frozen a t te 
Ca Mg aoe Bi Ca Mg Maral Crust Metal Crust 
0.17 TO eu .0 28.9 0.042] 0.030} 0.037} 48.0 | 57.0 | 53.0 | 47.0 
0.17 2.0 | 2.0 32.9 0.013} 0.067] 0.083} 47.5 | 42.5 | 58.5 | 41.5 
Oma 3.0 | 3.0 39.7 0.010) 0.060) 0.135) 26.0 | 74.0 | 59.0 | 41.0 
0.17 5.0 | 5.0 47.2 0.005) 0.052] 0.235) 12.8 | 87.2 | 57.8 | 42.2 


« Two hundred pounds of lead was used in each test. Calcium-lead alloy con- 
taining 3.08 per cent calcium and 0.10 per cent bismuth was used. The reagents were 
introduced as described for tests indicated in Table 14. Following the introduction 
of the reagents the metal was allowed to cool to freezing. At the freezing temperature 
the molten metal was withdrawn from under the frozen crust through a special spout 
and spigot arrangement attached to the bottom of the kettle. 


TaBLeE 17.—Joint Addition of Calcium and Magnesium to Lead Containing 


Bismuth 
Reagent *. ae Calcium Magnesium 
cia in f. | Anal Final Metal, Basaur tela Bae rCees 
Bisragih | peATeo | Oaginal Metal | (o'er Cent | | Omtubulluni sy) oD sta 
in Original Removed as 
nae ; eS Lister See - 
er Cen on Co 
Ca Mg he Reena Bi Ca Mg Metal Bee Metal pis 
OoLe Leon l= 0 LEO 0.0460. 035)0.036) 59.5 | 40.5 | 61.2 | 38.8 
0.17 2.0 | 2.0 iy Pe 0.016|0.079|0.080} 68.0 | 32.0 | 69.0 | 31.0 
((alZy 3.0 | 3.0 20.0 0.013/0.089|/0.141) 50.3 | 49.7 | 80.0 | 20.0 
0.17 5.0 | 5.0 22.5 0.009/0. 0860. 242) 29.5 | 70.5 | 88.2 | 16.8 


2'Two hundred pounds of lead was used in each test. Calcium-lead alloy con- 
taining 2.97 per cent calcium and 0.10 per cent bismuth was used. The reagents were 
introduced as described for tests indicated in Table 14. Following the introduction 
of the reagents the metal was allowed to cool to freezing. The drosses formed upon 
the addition of reagents and on cooling and also the solidified rim of metal and dross 
on the inside circumference of the kettle, were removed. The metal bath was then 
reheated, the kettle sides well scraped, and this dross also removed. 


Table 19 is a reagent requirement table based on our experience for 
various grades of bismuth-bearing lead to produce lead of about 0.020 per 
cent bismuth final content. 


Operating Procedure 


On the basis of the results of laboratory experiments and initial large- 
scale tests, we have developed a standardized operating procedure for 
removing bismuth from lead. This procedure has been successfully 
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TaBLe 18.—EHffect of Temperature of Bath* 


(Calcium and magnesium addition equivalent to 1 lb. per ton each at 800° I.) 


Cale. Analysis 


A i Calcium Magnesium 
Percentage SN aga a oe Neel Distribution, | Distribution, 
of Origina ' er Cent Per Cent 
Metal Per Cent 
Removed 
as Dross 


‘ : To To To To 
= Ca | Mg | Bi | Ca | Me Metal} Dross | Metal| Dross 


Original bath =.....2<... 0.155 
Dross skimmed at 800° F. 3.5 0.37/0.08)0.06 6.0 4.0 
Bath at 800° F. after 

skimming dross....... 0.146)0.048/0.049 94.0 96.0 
Dross skimmed from 800° 

HO Oe EU at atau elere:treus us = ik 0.21/0.10/0.05 4.0 2.0 
Bath at 750° F. after 

skimming dross....... 0.143)0.047|0.049 90.0 94.0 
Dross skimmed from 750° 

PORLOOS Be vaeatercts ic 6 ove 2.2 0.91/0.10|0.23 4.0 112.0 
Bath at 700° F. after 

skimming dross....... 0.126/0.046)0.044 86.0 82.0 
Dross skimmed from 700° 

OU OUoue y Dawiiees ota iere ee PLATE 2.0 |0.22/0.26 12.0 12.0 


Bath at 650° after skim- 
Ming Gross.......06+. 0.070|0.040|0.038 74.0 70.0 
Cooling dross and rim 
removed from 650° F. 
HO sPEOZING. oc sss + oie 6.6 12.0 14.0 
Bath after cooling dross 
TEMOVEG. «20 .-s05%0 0.045/0.036)0.035 62.0 56.0 


@ Calcium-lead alloy containing 3.01 per cent calcium and 0.10 per cent bismuth was used in the 
above test. The alloy and metallic magnesium turnings were submerged in a perforated basket at 
800° F. Upon dissolution of the reagent, the metal bath was stirred for 3 min. at 800° F. Two hundred 
pounds of lead was used for this test. The operations following the introduction of reagents are indi- 
cated in the tabulation. 


TasLEe 19.—Reagent Addition Table to Produce Lead of 0.020 Per Cent 
Bismuth Grade* 


Reagent Addition for Unit Ton Reagent Addition for Unit Ton 
Bismuth in of Lead Treated, Lb. per Ton Bismuth in of Lead Treated, Lb. per Ton 
Original Metal, Original Metal, 
Per Cent Per Cent 
Calcium Magnesium Calcium Magnesium 
0.10 13 1.3 0.60 2.4 2.4 
0.20 1.5 5 0.70 2.65 2.65 
0.30 ere Ree 0.80 2.9 2.9 
0.40 U9 1.9 0.90 3.15 Bp 1) 
0.50 Qala 2,15 1.00 3.4 3.4 


« This table is applicable only to lead containing less than 0.01 per cent combined 
arsenic plus antimony. 


applied to treating many thousands of tons of lead during the past year 
and is being used currently. - Following is a short description of this 
method by steps: 
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1. Deliver softened, desilverized and dezinced lead to kettle. We 
normally use kettles of 225 tons capacity for this purpose. Antimony 
plus arsenic content of this lead should not exceed about 0.02 per cent 
in order to assure a satisfactory efficiency of the reagents with respect 
to bismuth removal. 

2. The presence of any drosses of oxidizing nature is very detrimental 
to the efficiency of this process and they are, therefore, carefully removed 
by skimming when the kettle is filled with lead. 

3. A small ring of frozen metal and dross formed on cooling (termed 
the “cooling” dross), the dross formed following the reagent addition 
(termed the ‘‘reagent”’ dross) and the ‘‘bismuth” dross, if any on hand, 
all from the preceding charge, are added to the molten lead in the kettle 
at about 790° F., following the removal of the oxide drosses. 

4. The returned drosses, following a short period allowed for melt- 
ing, are stirred with a lead mixer until thoroughly incorporated at about 
780° F. 

5. Following the mixing of the drosses, the surface of the lead bath 
is skimmed clean of formed dross at about 750° F. This dross is called 
the “bismuth” dross. If the bismuth content of this dross is about 
20 per cent, as determined by the appearance of a fracture and the previ- 
ous history, that is, the number of times circulated, the dross is taken 
out of the system and treated for the recovery of bismuth. If the bismuth 
content is much less than 20 per cent, this dross is returned to the follow- 
ing charge with the “cooling” and the ‘‘reagent”’ drosses as indicated in 
step 3 of the process. The number of times the ‘‘bismuth’’ dross is 
circulated normally depends upon the original grade of the lead debis- 
muthized. If the lead contains about 0.5 per cent bismuth the ‘‘bis- 
muth” dross is returned twice, and if the lead contains about 0.1 per cent 
bismuth, the dross is circulated three or four times. On prolonged 
standing, especially in contact with moist air, the compounds in the 


“bismuth” dross are apt to become oxidized to some degree and the — 


circulation of this partly decomposed dross will yield no further concen- 
tration of the bismuth content in the dross. For this reason the circula- 
tion of the “‘bismuth”’ dross should also be regulated by the time elapsing 
between charges. When many days elapse between charges the circula- 
tion of the ‘‘bismuth”’ dross should be omitted and the operators must be 
satisfied with a lower bismuth content of the “‘bismuth” dross removed 
from the system. 

6. After the ‘‘bismuth”’ dross is removed, the required quantity of 
calcium and magnesium reagents is added. The magnesium is added 
in the form of a cast metal, cylindrical in shape, and is incorporated by 
submerging in a special perforated basket and impinging a stream of 
lead from a pump thereon to facilitate and hasten the dissolution 
and reaction. 
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The calcium is added in the form of a calcium-lead alloy containing 
about 3 to 4 per cent calcium.* This alloy is added to the surface of 
the bath at the time the magnesium metal is submerged. The specific 
gravity of this alloy is less than that of lead, and for this reason it will 
float on the surface of the molten lead bath. 

The bismuth content of the original lead treated and the desired 
bismuth content of the final lead must be known before the reagent addi- 
tion can be accurately calculated. 

Table 19 shows the calcium and magnesium requirements, expressed 
in pounds per ton, to produce lead of 0.020 per cent bismuth grade from 
lead of variable original bismuth content. From this table the calcium 
and magnesium reagent requirements, in pounds per ton, to produce lead 
of 0.020 per cent bismuth content from lead of the same bismuth grade 
as the lead to be treated, are easily determined. Multiplying these 
figures by the tonnage of new lead in the kettle, the total amount of 
reagents needed in pounds is computed. 

7. After the magnesium is completely dissolved and the calcium- 
lead alloy on the surface of the lead bath somewhat softened by the 
influence of the heat of the metal, the charge is mixed with a lead mixer 
to secure contact between the various components. Normally about 
30 min. of mixing at about 690° F. is sufficient. Prolonged stirring 
should be carefully avoided, because this results in the formation of 
excessive quantities of dross, thus lowering the average bismuth grade 
of the total dross produced. Lead containing calcium and/or magnesium 
drosses readily when stirred, even at low temperatures, irrespective of 
the bismuth content. This condition is probably caused by the incipient 
oxidation of the calcium and/or magnesium, the formed oxides mechan- 
ically entangling large quantities of metallic lead, thus forming a dross. 
This condition is further aggravated by the strong affinity of the oxygen 
for the alkaline-earth metals and magnesium as indicated by the heat of 
formation of the corresponding oxides. 

“8 The dross formed following the reagent addition and mixing is 
removed at about 690° to 670° F. This dross is termed the ‘‘reagent”’ 
dross and is returned to the following charge as indicated in step 3 of 
the process. 

9. The lead bath after the removal of the ‘reagent’ dross is allowed 
to cool to practically the freezing temperature. The kettle sides are 
thoroughly scraped during this cooling period. The dross formed on 
cooling and a small ring of dross and metal frozen on the inside circum- 
ference of the kettle are removed. This dross is termed the ‘‘cooling”’ 


* Methods for manufacturing the alloy are disclosed in U. 8. Letters Patent Nos. 
1860524; 1941534; and 1941535, owned by the American Smelting and Refining 


Company. 
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dross and is returned to the following charge as indicated in step 3 of 
the process. 

10. The lead bath is reheated and the kettle sides scraped again. 
Any dross formed is removed and returned to the following charge with 
the “cooling” dross. 

These steps complete the debismuthizing with calcium and mag- 
nesium. At this point, if the quantity of reagents as indicated in Table 19 
was used, the metal bath will contain about 0.020 per cent bismuth and 
normally less than 0.05 per cent of calcium and magnesium, depending 
upon the original grade of the lead treated. 

The loss of reagents in the final lead can be controlled within certain 
limits, particularly by the use of minimum amounts of reagents. For 
this reason our practice is always to add the least possible amount of 
reagents necessary to obtain the desired bismuth content in the final lead. 

The residual reagents, calcium and magnesium, must be removed to 
produce refined lead of satisfactory purity. This may be accomplished 
in several ways; for example, by chloridization, either with chlorine gas 
or suitable metal chlorides, or by oxidation, either with caustic and niter, 
air or steam. 


Recovery of Bismuth from ‘‘ Bismuth” Dross 


As described in step 5 of the operating procedure, the bismuth elimi- 
nated from lead is removed in the form of a metallic dross termed the 
“bismuth” dross. This dross normally contains about 20 per cent 
bismuth, 2 to 3 per cent each of calcium and magnesium, and the balance 
lead. Antimony and arsenic also will concentrate in this dross if origi- 
nally present in the lead debismuthized. The bulk of the lead in this 
dross is apparently present as metallic lead mechanically intermixed with 
the bismuthide compounds. 

If this dross is melted with a minimum of oxidation under a cover of 
alkaline-earth chloride salts containing a small amount of sodium chlo- 
ride, a separation is obtained, on cooling, between the metallic lead 
mechanically held in the dross and the calcium and magnesium bismuth- 
ide compounds. 

About 75 per cent of the lead originally present in the ‘‘bismuth”’ dross 
is recovered as liquated metal containing only a small amount of bismuth. 
This metal is returned to the debismuthizing operations for the recovery 
of bismuth again in the form of a “bismuth” dross. The circulation of 
bismuth normally approximates 8 per cent by weight of the total bismuth 
contained in the “bismuth” dross liquated. 

The bismuthide compounds thus greatly concentrated, and containing 
about 50 per cent bismuth, 5 per cent each of calcium and magnesium, 
and 35 per cent lead, are removed and further concentrated and refined 
for the ultimate recovery of refined bismuth. 
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LV. DEsISMUTHIZING TO VERY Low Limits witH ANTIMONY* 


With calcium alone, the bismuth content of lead can be economically 
reduced on a commercial scale to 0.045 to 0.05 per cent bismuth. Using 
both calcium and magnesium this same limit is approximately 0.020 per 
cent bismuth. However, in many instances a final lead of much lower 
bismuth content is desired. 

Comparatively recently, we discovered that two elements closely 
related to bismuth in the Periodic System—arsenic and antimony— 
exert certain extremely beneficial effects when added to lead under proper 
conditions. For instance, when a suitable quantity of antimony is added 
to lead containing small amounts of bismuth, and also calcium and 
magnesium, within an appropriate temperature range, a dross is obtained 
in which the bismuth, antimony, calcium and magnesium are concen- 
trated, thus making possible the production of a final lead of very low 
bismuth content. The antimony addition is governed by the bismuth 
content of the bath, and for definite temperatures drosses are obtained 
with fixed ratios of their constituent metals; namely, bismuth, calcium, 
magnesium and antimony. It will thus be apparent that antimony acts 
chemically in the further removal of bismuth to very low limits. 

This process is now commercial for the production of final lead con- 
taining 0.005 per cent and less of bismuth, and experimentally we have 
produced lead containing as low as 0.0005 per cent bismuth. It can be 
applied either to new bullion or to lead previously debismuthized with 
alkaline earth metals including magnesium and after no further debis- 
muthizing can be effected with these reagents. 


* See U. S. Letters Patent No. 2056164. 


Continuous Lead Refining at Port Pirie, South Australia 
By G. K. Wit1ams* 


Tue continuous process of lead refining as at present operated at the 
Port Pirie plant of The Broken Hill Associated Smelters Proprietary Ltd. 
was a development from investigations conducted in connection with 
the ordinary Parkes desilverizing process. 

It is not proposed here to discuss the theoretical considerations 
involved in continuous desilverizing because this aspect has already 
been dealt with in previous publications.! 


ContTINUOUS SOFTENING PROCESS 


For economical desilverization of lead bullion, the bullion must 
first be subjected to refining processes for the removal of such impurities 
as copper, sulphur, arsenic, antimony and tin. This refining is effected 
by first drossing to remove copper and sulphur and then preferentially 
oxidizing the arsenic, antimony and tin from the bullion in the soften- 
ing process. 

The theoretical basis of the continuous softening process is illustrated 
by the portion of the Pb-Sb-O ternary equilibrium diagram shown in 
Fig. 1. Under conditions of complete liquefaction, metal of the composi- 
tion of softened bullion is in equilibrium with an oxide slag containing 
about 9 per cent antimony. In practice, of course, arsenic also is always 
present, and while the Pb-Sb-As-O quaternary system has not been worked 
out in detail, it has been found that in softening drossed smelter bullion 
of the composition produced at Port Pirie, arsenic is always reduced to 
0.001 per cent or less when the antimony in the bullion is reduced to a 
satisfactory figure. 

In the operation of the continuous softening process, a two-phase 
system of a bullion low in arsenic and antimony and an oxide slag rela- 
tively high in those components exists in equilibrium. To this system 
is added continuously a bullion containing 0.2 per cent As and 0.8 per 


Manuscript received at the office of the Institute Aug. 17, 1936. 

* Broken Hill Associated Smelters Proprietary Limited, Smelting Works, Port 
Pirie, South Australia. 

1G, K. Williams: Description of Continuous Lead Refinery at the Works of The 
Broken Hill Associated Smelters Proprietary Limited, Port Pirie, South Australia. 
Proc. Aust. Inst. Min. & Met. (1932) [N.S.] No. 87. 

G. K. Williams: Thesis on The Development and Application of the Continuous 
Lead Refining Process. 
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cent Sb and a gas (air) containing oxygen, this addition of oxygen being 
controlled at such a rate that the arsenic and antimony in incoming 
bullion are oxidized with some lead in such proportions that more slag 
of the composition already existing in equilibrium with the bullion bath 
is formed. Slag and softened bullion are withdrawn from the system 
continuously and a state of dynamic equilibrium is maintained. 

Thus continuous softening does not differ from batch softening in the 
respect that it depends on the preferential oxidation of arsenic and 
antimony and the formation in this way of an oxide slag relatively rich 
in these two impurities, but it has the obvious advantage over the batch 
process that the following typical delays are eliminated from the furnace- 
operating schedule: (1) time lost in filling furnace; (2) time lost in attain- 
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ing optimum temperature for the operation; (3) time lost in cooling back 
_ prior to skimming; (4) time lost in skimming; (5) time lost in emptying 
the furnace. 

In the continuous process the furnace is charging and discharging 
while the process proceeds and liquid dross is removed continuously, 
the furnace temperature being maintained at the most efficient figure for 
the conduct of the process. 

However, besides these obvious advantages, there is one less obvious, 
which, insofar as increasing the capacity of a furnace of any particular 
size is concerned, probably outweighs all others. This depends on the 
fact that while in the batch process the bath of metal changes in composi- 
tion during the treatment of any particular batch, with the Port Pirie 
bullion from 0.8 per cent Sb 0.2 per cent As at the beginning of the opera- 
tion to 0.02 per cent Sb and less than 0.001 per cent As at the end, in the 
continuous process the bath is maintained at all times at the latter figure. 
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Now, investigation of the rate of oxidation of a bullion bath has 
indicated that the rate is greatly affected by its arsenic and antimony 
contents in the manner shown in Fig. 2, which represents the results of a 
series of experiments covering the whole batch cycle. The oxidation 
rate of the bullion corresponding to the bath in the continuous softener 
is 32 times as great as that of the bullion in the bath at the commence- 
ment of a batch cycle. Also, by far the greater time during the batch 
process is spent with the bath composition corresponding to the low 
oxidation rate, since once it reaches the region of high oxidation rate it 
is softened and ready for withdrawal from the furnace. With the con- 
tinuous process, the bath is always at a composition corresponding with 
very high oxidation rate, so that the oxidation of the bath, which corre- 
sponds with the softening of the bullion, proceeds at a rate many times 
greater than is possible in batch softening. 
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ContTINUOUS ENRICHMENT OF ANTIMONY DRoss 


In the continuous antimony-dross furnace, as in the softener furnace, 
there is present a bath of lead containing some arsenic and antimony, 
upon which is superimposed a layer of oxide slag in equilibrium with the 
metal bath. The arsenic and antimony contents of both metal and slag 
are considerably higher than in the softener, but the equilibrium relations 
indicated in Fig. 1 still hold, although here again these equilibrium rela- 
tionships are affected by the presence of arsenic in the system. 

Whereas the process in the softener furnace was one of oxidation, 
that in the antimony-dross furnace is one of reduction, antimony dross 
from the softener furnace and small coal being added simultaneously 
to the furnace, which contains the two-phase system described above. 

As a result of the reactions between the reducing agents in the coal 
added and the lead, arsenic and antimony in the softener slag, reduction 
of these these metals from their oxides proceeds, and the proportions of 
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the metals reduced are such that more slag and more metal, of the com- 
positions of those already in the furnace, are produced. Thus, as in the 
softener furnace, a state of dynamic equilibrium obtains. 

Metal, relatively low in arsenic and antimony, and slag relatively 
high in these components are withdrawn continuously from the furnace. 


ConTINUOUS REFINING FOR ZINC 


Like the continuous softening process, the continuous zinc-refining 
process takes advantage of the exceptionally high oxidation rate of nearly 
pure lead and embodies a molten lead bath covered by a layer of molten 
oxide slag. Desilverized lead is added to the furnace continuously and 
refined lead and liquid oxide slag are continuously withdrawn. The 
refiner slag contains arsenic and antimony in much the same proportions 
as the softener slag, but it also contains about 8 to 10 per cent zinc. 
A slag of this composition is in equilibrium with a bullion sufficiently 
low in arsenic, antimony and zinc to fulfill the specifications for refined 
lead. 

The presence of zinc in the slag raises its melting point, so that a 
somewhat higher temperature is required in the refiner than in the softener 
furnace. 

The presence of arsenic and antimony in the slag is required in order 
to so lower the melting point that a liquid slag can be run off freely and 
continuously from the furnace. Enriched antimonial slag from the 
continuous antimony-dross furnace is added to the refiner in granulated 
form in sufficient quantity to raise the arsenic and antimony content 
of the refiner slag to the required figure. 

Despite the large proportion of antimony in the refiner slag, the 
refined lead produced has an antimony content slightly lower than that 
produced by the old batch process. 


CONTINUOUS REFINING AT PORT PIRIE 


At Port Pirie it has always been contended that the economic practice 
of removing gold and silver from a softened bullion by the Parkes process 
depends on the quantity of copper present in the softened bullion. 

If the bullion to be desilverized contains a relatively large quantity 
of copper, such as 0.06 per cent, the value present in the softened bullion 
at Port Pirie before improvements were made to drossing practice, 
the contaminations of copper in the alloy produced in desilverizing 
seriously increases the quantity of zine used and the cost of retorting 
and cupellation. 

With the continuous conjugate solution process, the presence of 
0.06 per cent copper in the bullion to be desilverized would, in addition, 
adversely affect the desilverizing operations, especially as regards the 
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liquidity of the alloy, and would also increase the costs of fuel and kettle 
maintenance. 

Thus when the softened bullion contained 0.06 per cent copper, 
before improvements were effected in drossing methods, the economic 
practice was to first degold the bullion before desilverizing. During 
the degolding process copper as well as gold was removed from the 
bullion, the typical copper content of degolded bullion being 0.01 per cent. 

With a copper content of 0.004 per cent assured for the softened 
bullion, degolding and desilverizing in one operation became the more 
economic practice. 


OPERATING Units AT Port PIRIE 


The layout of the continuous refinery is given in Fig. 3. The refinery 
is considered in six sections, the operating units of which are as follows: 


Bullion-storage Section 


The bullion-storage section comprises two 90-ton storage kettles. 


Softening Section 


1. Two softening furnaces of the water-jacketed reverberatory type 
(Fig. 5) 15 ft. long by 5 ft. wide, inside dimensions, with provision for 
operating four air agitators in each furnace. 

2. Two antimony-dross furnaces, which are wide, water-jacketed 
reverberatory furnaces, 17 ft. long by 11 ft. wide inside dimensions, 
each heated by an oil burner situated in the side of the furnace near the 
charging end. The antimony dross is charged through a hole in the 
crown of the furnace near the end distant from the flue and the antimony 
slag and hard lead are discharged from the furnace at the opposite end. 

3. One 5-ton oil-fired hard-lead kettle, arranged in a brickwork 
setting. 


Desilverizing Section 


1. Two temperature-control furnaces, which are reverberatory 
furnaces oil-fired by means of a burner at the discharge end. 

2. Three desilverizing kettles (Fig. 7). Each kettle holds 380 tons 
and is made up of four independent castings; namely: (a) top, (b) conical, 
(c) cylindrical, (d) bottom. 

The brickwork setting around the kettle is divided into nine super- 
imposed chambers by means of brickwork arches; each of six of the 
chambers has two oil burners and these chambers are situated as follows: 
No. 1 chamber, around top casting; No. 2 chamber, around conical 
casting; No. 3 chamber, around cylindrical casting; Nos. 4, 5 and 6 
chambers, around bottom casting. The remaining three chambers sur- 
round the three joints and are not equipped with oil burners. (Fig. 8.) 
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In chambers 1 to 6 checker walls are built on each side of the kettle, 
parallel with the line of projection of the oil burners, and the combustion 
of the oil takes place on the further side of these checker walls, away 
from the kettle. The products of combustion pass through the openings 
in the checker walls around the kettle and thence to the flue. 

The top casting has two projections, into one of which is welded a 
cast-iron box that is connected with the launder delivering bullion to 
the kettle, and provides, by means of an underflow lip, a submerged 
inflow of bullion into the kettle. By this means bullion free from dross 
is delivered to the kettle. The other projection is a launder for receiving 
the siphon pipe, which is held in position by plates welded to the top 
casting. This launder is well packed with chamotte around the siphon 
pipe, to prevent any leakage of alloy or lead from the kettle. 


Zinc-refining Section 


The zinc-refining section consists of two zinc-refining furnaces of 
the reverberatory type, water-jacketed, 15 ft. long by 5 ft. wide inside 
dimensions, each heated by an oil burner situated at one end of the 
furnace. The lead and dross are discharged from the furnace at the 
flue end. Each furnace is equipped with cooling water and air supply 
for four compressed-air agitators, which can be lowered into the furnace 
through holes in the crown. 


Molding Section 


The layout of the molding section is shown in Fig. 3. The two mold- 
ing wheels are mechanically driven and are of the standard Newnam 
type. 


Silver Yard Section 


The units in the silver yard section can be grouped as follows: 

1. Four retorting furnaces. These are oil-fired, of the tilting type. 
The bottle contained in each furnace has a holding capacity of 36 cwt. 
of silver-gold alloy. 

2. Two cupellation furnaces. These are small reverberatory furnaces 
of very shallow type, oil-fired. The furnaces are water-jacketed and 
have litharge-overflow jackets. 

3. Doré parting plant. The layout of this plant is shown in Fig. 3. 
The plant consists of 80 cells of the Balbach type, provided with the 
standard equipment for the efficient production of market gold and 


market silver. 
METALLURGICAL OPERATIONS AT Port PIrRIp 


Fig. 4 gives the diagrammatic flowsheet of the modified new refinery. 
The continuous flow of bullion is commenced from the higher-level 
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storage kettle and passes in sequence through the softening furnace, 
the silver kettle and the zinc-refining furnace to the small storage kettle 
feeding the molding wheels. 

The drossed smelter bullion flows continuously into the softening 
furnace, and the flow of metal through each of the separate units of the 
refinery is likewise continuous until the Newnam kettle is reached. The 
levels of the various units are so adjusted that the lead gravitates through 
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each; the flow of bullion” into the softener thus controls the flow 
throughout the refinery, and no separate adjustment is required for the 
- individual units. 


Bullion-storage Section 


The drossed smelter bullion is conveyed in 15-ton ladles from the 
copper-drossing plant to the refinery, where it is pumped into the lower- 
level storage kettle of 90 tons capacity. When the pump that transfers 
the bullion from the 15-ton ladle to the storage kettle is not in use, it is 
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immersed in a lead bath, which is maintained at 400° C. in a small 
5-ton kettle to prevent cooling. 

The bullion is transferred periodically, as required, through a launder 
from the lower-level storage kettle to the higher-level storage kettle of 
90 tons capacity. The bullion is pumped continuously at the required 
rate from the higher-level storage kettle into a launder, which discharges 
the bullion into either of the two softening furnaces. 

The typical analysis of the drossed smelter bullion delivered to the 
softening furnace is: Cu, 0.004 per cent; As, 0.29; Sb, 0.78; Ag, 53.1 oz. 
per ton; Au, 0.039 oz. per ton; 8, 0.0011 per cent. 


Softening Section 


Some details of the continuous softening furnace are shown in Fig. 5. 
The drossed smelter bullion from the supply pump flows down a refrac- 
tory launder (encased in steel plate) and enters the softening furnace by 
means of the bullion-inlet box attached to its side. As the communica- 
tion between this box and the main furnaces is large (4 in. square), the 
lead in the box is always hot and no trouble is encountered through 
its freezing. Again, as the connection is situated near the bottom of 
the furnace, the slag cannot pass out into the bullion-inlet box. 

The softened bullion flows from the furnace beneath a D-shaped 
jacket, which forms a siphon preventing the slag from flowing from the 
furnace with the bullion. The slag flows from the furnace over a notch 
in the water jacket, thence through a small water-jacketed launder into 
slag pots. Bullion and slag outlets are side by side at the end of the 
furnace. 

The 2!4-in. difference in slag and bullion overflow levels results in a 
layer of nearly 4 in. of slag being carried over the surface of the lead when 
both slag and bullion overflows are open. This ensures that, despite 
the agitation, no bullion escapes with the slag, and consequently the 
silver content of the slag is very low. 

Care is taken to ensure a reasonably even flow of bullion through 
the furnace. The pump delivering the unsoftened bullion from the 
storage pan is equipped with a valve and controlling mechanism. The 
valve is situated close to the pump itself, and is thus always immersed 
in the bullion. In controlling the flow, two methods are practiced: 
(1) A ladle is placed under the pump overflow pipe, and the time to fill 
the ladle measured by means of a stop watch; (2) the storage pan is 
equipped with a float and gauge marked off in tons, and consequently 
by reading this gauge periodically and noting the time, the average 
flow can be deduced. In normal practice the pump works very evenly, 
and the second method is used except for periods in which the flow 
has been purposely altered for short periods, when the first method 
is employed. 
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During softening, the bullion and dross in the furnace are subjected 
to intense agitation by means of water-jacketed air agitators, which are 
introduced through holes in the crown and so submerged that the air 
is discharged approximately 4 in. from the bottom of the bullion bath. 

The number of agitators required varies with operating conditions, 
such as the flow of bullion through the furnace, the state of repair of the 
furnace and the temperature of the bullion. 

The temperature of the softened bullion as it discharges from the 
furnace is maintained at 760° C; the factors influencing the tempera- 
ture are: 

1. Rate of bullion flow. 

2. Gallons of oil burned per hour. 

3. Degree of agitation. The necessary heat for the operation of 
the softener furnace is supplied largely by the heat evolved by the 
exothermic reactions involved in the oxidation of lead, antimony and 
arsenic in the bullion. By controlling the agitation, the furnace will run 
for long periods without the use of any external heating. 

4. Composition of the slag. The composition of the slag determines 
the extent to which a solid coating exists over the bare water jackets, 
and this has a direct bearing on the heat lost from the furnace in circulat- 
ing water. 

In operating the furnace, the direct controls are the rate of burning 
oil, the degree of agitation, and the rate of treatment, and these are 
manipulated both to obtain the desired temperature of 760° C. in the 
softened bullion as it leaves the furnace and to ensure the correct 
composition of the slag so that it forms a solid coating on the jacket. 

In practice it has been demonstrated that the composition of the 
slag can vary between wide limits and yet maintain a small loss of heat 
in the jacket water; the limits appear to be approximately 6 and 10 per 
cent of antimony in the slag. The correct grade of slag can readily be 
determined optically by observing its tendency to solidify in contact 
with the water jacket, and the physical character of samples of solidi- 
fied slag. 

With the normal flow of 26 tons per hour and the furnaces in good 
repair, two agitators are required to ensure that the arsenic and antimony 
are oxidized at the same rate that they are introduced into the furnace 
in the unsoftened bullion. 

If the rate of oxidation is too low as determined by either the appear- 
ance of the dross or the quantity of dross discharging from the furnace, 
the adjustment is either to increase the agitation or the quantity of oil 
being burned. If the temperature in the furnace is low with a normal 
quantity of oil being burned, either the agitation has been insufficient or 
else the grade of the dross has changed so that it is too high in antimony 
and, consequently, of too low a melting point, with the result that the 
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water jackets have become bare. The adjustment for this is to increase 
the agitation or the oil usings or to decrease the flow of bullion through 
the furnace. 
The particular adjustment chosen is dependent on the operating condi- 
tions existing and the particular requirements to be satisfied at the time. 
The typical analyses for the products of this furnace are: 


SorrreneD ANTIMONY 


BULLION Dross 
Copper,, DeriGenti.., «= rm memretatin te © ee ineutelsioaicln ee otto) cee taeee 0.0043 0.0052 
Aysenic, percent ..ia- i «cierclciuteis ete saste Ae oiler ei opts clef eran ah 0.00043 2.7 
Antimony, DPemicentas scope canis Rie ohne os iss es oie ie ie tate 0.03 8.1 
Silver,°O2Z: PGrghON sh ce vaaege-s.0 ated ea hess 2 oss age hierar ers 58.3 
Gold; 02:. per GOD cos cicccicieta aa te on nie ee nee eee 0.041 


Antimony dross flows continuously from the softener furnace down a 
water-cooled launder to slag pots of 44-ton capacity. These pots are 
wheeled to the antimony-dross furnace, which is situated at a lower level 
than the softener, and their contents are discharged through a hole in 
the top arch. The slag in the pots is usually still molten when tipped, 
although there is a thin, frozen shell. 

Small coal is charged continuously into the furnace by means of a 
conveyor belt running beneath a small bin. The speed of the belt can 
be accurately controlled. 

The reaction of the coke on the dross results in lead being preferen- 
tially reduced so that two products are formed: ‘“‘Antimony slag” of 
relatively high antimony content, 20 to 25 per cent Sb, and “‘hard lead,” 
containing about 1 per cent Sb. 

One agitator only is used to give a good mixing of slag and reducing 
agent. The relatively high antimony content of the metal bath serves 
to prevent oxidation, moreover the agitator is not operated at sufficient 
air pressure to cause much splashing of metal. The hard lead, which 
flows continuously from the furnace, is stored temporarily in an oil-fired 
5-ton kettle, from which it is pumped periodically to the refiner furnace. 

Since the make of enriched slag is not large, it is usually allowed to 
build up in the furnace for some time and tapped periodically. The 
portion of the slag that is required for addition to the refiner is granulated 
by running into a water tank; the remainder is run into pots from which 
it is tipped into a small bin for shipment. 

The main factors influencing the operation of the furnace are: (1) 
quantity of oil burned, (2) quantity of small coal added, (8) rate of slag 
addition. In practice, the oil burned is adjusted to give a temperature 
of 650° C. in the hard lead issuing from the furnace, the softener slag is 
fed in at a constant rate, and the rate of feeding the reducing agent is 
adjusted to give a reasonable concentration of coal over the slag furnace. 

The following are typical analyses of hard lead and _ anti- 
mony slag: 
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ANTIMONY 
’ Harp Lnap SuaGe 
ATSIC DOLECOD te vtscinis) tots siete aed eval saan hs Sige baieeses she 0.01 3.8 
ATTETTT LOM MDE LAC ON Urges sce: Pearacieitesl a Mekseet a acho unions yeucysisie--4oeks 0.64 21.9 
SHAR OVAR Ee WEMIORS Bee Cob e ne oes hoon ee citi oe oie 0.32 0.14 
MOT CT COB ncan n Soe car ota Kt be oye rss spect ye se 0.005 0.004 


Desilverizing Section 


The softened bullion flows down a refractory-lined launder to the 
temperature-control furnace, which serves to ensure a temperature of 
650° G. in the softened bullion as it enters the desilverizing kettle (Figs. 
7 and 8). 

The main factors influencing the operation are: (1) temperature of 
softened bullion as it leaves the furnace, (2) length of launder connecting 
the softener and temperature-control furnace, (3) rate of bullion flow. 
In actual practice, the correct quantity of oil per hour is readily deter- 
mined, and the quantity is maintained more or less continuously. 

The bullion to be desilverized is delivered down a refractory launder 
at a constant rate of flow, and enters the kettle via the inlet box, which 
forms a partition wall across the inlet launder of the casting, followed by 
an underflow lip giving a submerged flow of the bullion into the kettle, 
so that any surface dross carried by the bullion is trapped and period- 
ically removed. 

Under operating conditions the top casting of the kettle is nearly 
completely filled with zinc-silver-lead alloy, which, on account of its low 
specific gravity, floats on the bullion that fills the other three sections 
of the kettle. The bullion enters the kettle proper in a wide shallow 
stream falling through the layer of alloy. The contact between the 
stream of bullion and the layer of alloy and at the surface of separation 
of the layers of lead and alloy results in: (1) enrichment of the alloy in 
silver, (2) solution of zinc in the lead. 

As the enrichment of the alloy in silver proceeds, the silver content 
of the layer of lead immediately in contact with the alloy also increases, 
and ultimately, when the zinc-silver-lead alloy reaches the composition 
at which it is dipped out for retorting, the silver content of the bullion 
in contact with the alloy layer is considerably greater than that of the 
inflowing bullion. However, the incoming bullion absorbs sufficient zinc 
to ensure that in cooling to its freezing point crusts separate out, leaving 
a final bullion very low in silver. 

As the bullion is displaced down the kettle, its temperature gradually 
falls until it reaches its freezing point at the entrance to the siphon pipe, 
where liquid and solid metal exist in equilibrium; the crusts that separate 
during the cooling rise to the top casting where a portion is dissolved in 
the incoming bullion and a portion in the zinc-silver-lead alloy layer. 

After reaching the bottom of the kettle, the lead rises up the vertical 
siphon pipe, and flows out the horizontal branch. Since the upper part 
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of the siphon pipe is situated in the hottest part of the kettle, the bullion 
becomes reheated to about 370° C. before leaving the kettle, and its 
disposal by means of a launder is thus facilitated. 

The richness in silver of the alloy layer gradually increases from the 
time when the layer has been first made up until a practical limit of about 
6000 oz. per ton is reached, when it is removed. 

When the alloy first shows signs of solidifying on the siphon pipe, its 
removal is indicated. The freezing point of the alloy increases with 
increasing concentration of silver, thus the freezing of the alloy on the 
siphon pipe at a particular temperature indicates its grade. The alloy 
layer, which had an original depth of 3 ft., is ladled out by hand until 
the underlying lead is reached. The time required for the alloy to enrich” 
to the grade of 6000 oz. per ton depends on: (1) the rate of flow of bullion 
through the kettle, (2) the concentration of silver in the bullion, (3) 
the depth of zine alloy maintained in the kettle. Under Port Pirie 
conditions, the zinc alloy is dipped about once every 12 hours. 

When the enriched alloy has been removed, the layer of zinc is built 
up again to a depth of 3 ft. The zinc is added in solid form, and the rate 
of addition is adjusted so as to maintain a temperature of 530° C. in the 
alloy layer. 

Although every section of the kettle can be heated, if necessary, 
under normal conditions only the burners heating the top casting are 
continuously in operation. The temperature inside the top casting is 
held at 580° to 600° C., but the process involves a steady cooling through- 
out the remainder of the kettle to about 330° C. at the lowest point in 
the bottom casting. 

Under correct running conditions, the bottom of the kettle is at such 
a temperature that a layer of solid eutectic practically free from silver 
gradually builds up beneath the siphon pipe, the amount of this eutectic 
being gauged by the vertical movement of the iron rod placed in the 
siphon pipe. When this movement decreases to about 3 to 4 in., the 
burners in No. 6 hearth are lighted and heat is applied until the move- 
ment of the measuring rod increases to about 8 to 10 in., when the No. 6 
burners are shut off and eutectic begins again slowly to build up. Under 
Port Pirie conditions about an hour’s firing is required for this purpose 
every 12 hours. 

It is found that the crusts liberated from the cooling lead in the lower 
sections do not rise completely up the kettle. There is a tendency for 
accumulation of crusts to form on the casting at certain portions. These 
gradually build up, and if allowed to grow unimpeded ultimately bridge 
over from the kettle walls to the siphon pipe, impeding the flow of bullion 
through the kettle. These accretions form usually at the level of hearths 
Nos. 3 and 4, and by lighting the burners in those hearths periodically 
the crusts are freed and rise into the upper layer, where they melt, giving 
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a liquid alloy of moderate silver content usually 2000 to 3000 oz. per ton. 
Because of the comparatively large quantity of low-grade alloy which 
thus accumulates in the top of the kettle, it is necessary to remove 
a certain amount by dipping to prevent the kettle from overflowing. 
The alloy removed, being relatively low in silver, is subsequently returned 
to the kettle in building up the zinc layer after dipping of high-silver 
alloy. During the heating of the casting for this cleaning-up process, 
the lead becomes heated above its normal working temperature, and it is 
necessary to stop the kettle for about 8 hr. afterwards to allow correct 
temperature conditions to be regained. This stoppage occurs once each 
week, and during it necessary plant repairs are made. 

The cooling of the bullion in the lower section of the kettle is con- 
trolled by regulation of the cooling air drawn through chambers 2, 3, 
4 and 5. Normally the dampers in the various sections are arranged 
as follows: Section 2, damper out and brickwork opened up; Section 3, 
damper closed; Section 4, damper closed and luted with clay; Section 
5, damper closed and luted with clay; Section 6, damper closed except 
when firing to reduce accumulation of lead-zine eutectic. This simple 
arrangement of drafting gives the correct temperature gradient down 
the kettle for normal working. 

Under normal running conditions frequent assaying of the desilverized 
lead for silver is unnecessary, and the confidence placed in the process 
can be gauged by the fact that only one assay for silver is made for each 
8-hr. shift, the sample being made up from eight hourly samples. 

Typical analyses of the products of this section are: 


DESILVER- SILVER 
IZED LEAD ALLOY 

Coppers Pel CCUG. ne jets hes er genie Deter crore hess se 0.0005 
Antimony per Centr. .s..ee sees ee ete eee ees 0.038 
PMO DELCO UE TESS celta Pal Bees sb islet ea ew oe 0.54 64.0 
Silvery Oz. POF LOM. ....sus «reser > Het Peles anemia tee ass 0.03 6000 
Tech COIN a2 sce 9 Se ce (2m is op ngcire dia gy |» O's liege ree 15.0 
COO DER LOM ice winks omic ens ole elegant Drape ke bine iat 4.2 


Zinc-refining Section 


The desilverized lead gravitates from the kettle along a refractory- 
lined launder and is delivered through a hole in the roof of the zinc- 
refining furnace near its center. 

The market lead flows from the furnace over a notch in the water 
jacket, which has a D-shaped water jacket attached to its inner side. 
The lead flows under the D-jacket and over the notch, whereas the slag 
in the furnace is prevented by the D-jacket from overflowing with 
the lead. 

The slag runs from the furnace over a special notch in the water 
jacket, and is discharged into an endless chain of molds. It is cooled by 
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water sprays and tipped into skips, in which it is transported to the blast 
furnaces for resmelting. 

In refining for zinc the fact that zinc oxidizes preferentially to lead is 
employed. Thus the principles involved in the purification of the 
desilverized lead for zinc are similar to those employed in the purification 
of bullion for arsenic and antimony in the softener furnace, with two 
important exceptions, which modify the practice. 

Firstly, the zine oxide in the slag, unlike the oxides of arsenic and 
antimony, does not lower the melting point, so that the slag formed by 
the oxidation of desilverized lead is a mixture of lead and zinc oxides, 
which has a high melting point and would not be liquid at temperatures 
at which it is convenient to operate the zinc-refining furnace. In order 
to obtain a liquid slag, arsenic and antimony are fed to the furnace as 
‘‘antimonial slag’? and ‘‘hard lead.”? The presence of sufficient arsenic 
and antimony ensures the liquidity of the slag. 

Secondly, in the softener furnace the greater the make of slag the 
larger the amount of lead that escapes desilverizing and passes directly 
to the zinc-refining furnace in the form of “‘hard lead,” and hence the less 
zinc consumed in desilverizing, but in the zinc-refining furnace all slag 
produced is returned to the blast furnaces and must be subjected to 
costly re-treatment; moreover, the cost of the softening and desilverizing 
treatment to which the lead in this slag had been subjected is lost. 
Hence, whereas in softening the object of the operator is to produce as 
much slag as possible, in refining the object is to limit the production 
of slag to the smallest possible tonnage. This end is achieved by limiting 
the agitation to give just sufficient oxidation to produce the grade 
of market lead required; the extra heat required is obtained by burning 
the necessary quantity of oil. The desired fluidity of the slag is obtained 
by controlling the addition of antimony slag so that the necessary anti- 
mony, over and above that introduced in the hard lead, is thus added. 

From actual experience it has been determined that the quantities of 
antimony slag and hard lead should be such that the total antimony 
contained in them is equivalent to 0.4 per cent of the weight of desilverized 
lead treated. 

In practice, no difficulty is experienced in maintaining an excellent 
grade of market lead and fluid slags, the accepted method being to operate 
with constant oil and periodically to adjust the quantity of antimony slag 
and degree of agitation to suit the existing conditions. 

The factors influencing the operation of the furnace are: (1) quantity 
of oil burned per hour, (2) degree of agitation, (3) quantity of antimony 
slag added per hour, (4) composition of the antimony slag, (5) quantity 
of hard lead added per hour, (6) composition of the hard lead. 

For satisfactory operation, it is desirable that the temperature main- 
tained in the furnace shall be such that the temperature of the market 
lead as it leaves the furnace is approximately 780° C. 
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The following are average figures for refined lead and for refining- 
furnace slag: 


Per PER 

y ReFIneD LEap CENT REFINING-FURNACE SLAG CENT 
PATENT OTe Bin eerste ausaetie sis 0.0038 TENN OOOO Oe Oe 8 ie te CE 9.2 
SBOTSEOTH EI OOS sketen hAMane aaa eet 0.0007 NESTON PR OO ore eee oe OF 6.9 
(COD PEr weet ee eee ee 0.0005 FAT SELIG Ur etree shite tron ie ca use Tee} 
TOME ee ee eee ore eens OLO00SSeeeMoppersat terres ate etre 0.002 
Srveree Sue teks oh tic!. Selseee 0.0003 
LEGG. £27, oe pe Ee ine a oe 0.0002 
SHIGE PRS cy canes cn Ore ae 0.0002 
Gng Fea aR eng eee 0.00015 
I NPS CTO $55.5 A oO eGR 0.000015 
in Se eee ade eS Nil 


2 Wquals 2 dwt. per ton. 


Molding Section 


The refined lead gravitates from the zinc-refining furnace down a 
refractory launder to a 27-ton pan, which provides storage for the opera- 
tion of the two Newnam molding wheels on which the lead is molded into 
90-Ib. bars, the bars being picked out from the molds by hand. Special 
precautions, which include the heating of the upper surfaces of the bars 
in an oil-fired oven and the cooling of the bottom surfaces of the molds 
by water sprays, ensure the soundness of the bars. Tests show the bars 
to be free from blowholes or other cavities. 


Silver Yard’ Section 


Retorting Section.—The practice of retorting is similar to that in use 
in other lead refineries except that the size of the bottle has been developed 
from the standard size (12 ewt. holding capacity) to a much larger size 
(36 ewt. holding capacity). This development has been due largely to 
two factors, both of which arise from the high zine content of the crusts 
from continuous desilverizing: 

1. The large quantity of zinc distilling off during the operation results 
in a relatively small weight of retort bullion remaining in the bottle 
towards the conclusion of the operation when the highest temperature 
is reached. 

2. The high zinc content of the crusts corresponds with a low specific 
eravity and as a result the bottle has a larger base less liable to crushing. 

A large tilting retort furnace is used at Port Pirie. Silver-zinc 
alloy in the form of pellets weighing 514 lb. is charged into the heated 
retort. When full of molten alloy the condenser is fastened in position 
and the junction of the condenser and furnace face luted with fire clay. 
Zine distills over and liquefies in the condenser, which is tapped about 
every hour into a refractory-lined cast-iron conical bowl, then skimmed 
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and cast into bars. These are returned to the desilverizing kettle. When 
distillation is complete, the condenser is removed and retort bullion, 
after removal of surface dross, is poured into a specially constructed ladle 
lined with firebrick. For pouring the bullion, the furnace-tilting gear 
is used. 

The retort bullion is again skimmed in the ladle, then cast into bars 
and sent to the cupellation furnace. 

All drosses are stacked in a bin and later treated as described below 
under ‘‘sweating.” 

A certain amount of blue powder forms in the condenser, which is 
raked out after each charge treatment. This is screened to separate 
lumps of zinc and the blue powder is sent to the roasting plant where its 
zine content becomes absorbed in sinter, and eventually appears in the 
smelter slag. 

Cupellation Section.—The cupellation furnace was designed to allow 
a high treatment rate to be obtained with a view to decreasing the cost 
of cupellation. This end has been achieved by the addition of ‘‘anti- 
monial slag”? to the cupel; the oxides of arsenic and antimony act as 
oxygen carriers in the cupel slag and result in a marked increase in the 
rate at which the bullion is oxidized. 

The cupellation practice may be divided into three distinct operations: 
(1) sweating of retort and other rich drosses to recover their silver and 
gold contents directly followed in the same furnace by (2) concentration 
of the sweat lead and retort bullion to rough doré bullion, which is dipped 
into bars and charged to a clean furnace; (8) refining of the rough doré, 
giving a high-grade doré, which is dipped into plates for parting. 

For treatment of drosses a bath of retort bullion is first made in the 
furnace and drossed; if very rich, the retort bullion is broken down with 
lead. Drosses are next charged in and a temperature of 900° to 1000° C. 
maintained in the furnace. Lead and zinc are oxidized and form a dry 
dross on the surface of the bath. ‘‘Antimonial slag” is added, forming a 
semifluid dross, which is hooked off into pots and returned to the blast 
furnaces. When the dross treatment is complete, the process of con- 
centration continues in the same furnace. 

To the sweat lead in the cupel is added retort bullion, and as before 
lead and zine are oxidized, forming a fluid slag. At this stage, side air 
jets are turned on which blow over the slag surface, producing a rippling 
effect and exposing the metal beneath. These aid oxidation, which is 
further accelerated by the addition of antimonial slag. The slag formed 
is run off through a small water-cooled notch, the overflow level being 
carefully adjusted to prevent loss of metal. As oxidation and removal of 
slag proceed more retort bullion is added, until finally, when all slag has 
been carefully removed, a full furnace charge of doré remains. Slag 
from the process of concentrating likewise returns to the blast furnaces 
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for re-treatment. The doré is dipped into rough bars and later refined 
in a clean furnace. Throughout the operation the temperature is 
gradually increased and at its conclusion reaches about 1100° C. 

In the refining furnace the doré is remelted and a small quantity of 
crushed marble thrown on the surface and skimmed off. The purity of 
the charge is adjudged by the appearance of a sample of the metal 
allowed to solidify in a 3-in. dia. ladle. The refined metal is dipped into 
plates of 250 oz. weight of the average dimensions: 1034 by 7)4 by 
34 inches. 

Since the processes of sweating and concentration are much more 
severe upon furnace brickwork than the refining process, the furnace in 
which the former operations are carried out always reaches the repair stage 
first. The practice has been adopted of reserving the new furnace for 
refining, the sweating and concentrating being then transferred to the 
furnace previously used for refining. 

Before dipping is commenced, a sample is taken from the charge, 
poured into water and 4 oz. of granulated doré selected as an assay sample. 
After dipping every 80 plates (i.e., 20,000 oz.) a similar sample is taken 
from the furnaces. The following figures represent an average analysis 
of doré bullion over 12 weeks: Ag, 996 fine; Au, 19.15 oz. per ton; Cu, 
0.21 per cent. 

Doré Parting Plant.—The parting plant consists of 80 cells of the Bal- 
bach-Thum type. The cells are of glazed earthenware 114 in. thick. 
The cathode is formed by carbon slabs on the cell bottom. A wooden 
cradle covered with a canvas diaphragm contains the anode plates. The 
cradle is constructed so that sufficient clearance is allowed for the passage 
of a wooden scraper to rake out deposited silver. 

The electrolyte is of the following approximate composition: Ag, 200 
grams per liter; Cu, 25 to 30 grams per liter; HNOs (free), nil. 

Silver is constantly being replenished by addition of concentrated 
silver nitrate solution prepared in an earthenware crock by dissolving 
doré plates in strong nitric acid. The nitrate is added to the cells by 
way of the cradle to avoid possible loss of gold. Concentration of silver 
is maintained at about 200 grams per liter to give a heavy granular 
type of cathode deposit and provide an electrolyte of high conductivity. 
If the concentration falls unduly, the cathode deposit tends to 
become bulky and “woolly,” building! up on the cathode plates and 
tending to cause short-circuiting. This involves much’greater attention 
to cells. 

Copper under normal conditions remains very constant at about 
the figure quoted, without other purification than (1) rejection of liquor 
from digestion of final or rich anode sludge with nitric acid, (2) removal 
from time to time of portion of the electrolyte in the cells treating ‘‘high- 
grade” doré which becomes enriched in copper. 
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High copper concentration (40 grams per liter or so) leads to trouble 
with canvas diaphragms, which tend to develop holes and cause excessive 
loss of gold. 

Other elements are present in the electrolyte in very small amounts, 
chiefly lead and zinc. It was customary at one time to add to the cells 
a small quantity of ferric nitrate solution, which has a marked influence 
in promoting a granular type of cathode deposit. In the absence of free 
nitric acid, however, the iron cannot be held in solution, but the same 
end in regard to type of cathode silver is achieved by maintaining a fairly 
high silver concentration in the electrolyte as above described. 

The electrolyte composition is checked once each week. A sample 
of 5 c.c. of electrolyte is taken from each cell and the samples bulked for 
each row of 20 cells, making four samples in all. Determinations are 
made of silver and copper only. 

Deposited silver is raked forward in the cells every 4 hr., being drawn 
clear of the solution and allowed to drain upon the slope of the cell. 
The operator then draws beneath the line of cells a carriage holding a 
perforated aluminum tray, and sweeps the silver crystals into the tray by 
means of a short wide-bladed scraper. The cathode silver is washed 
on the tray with distilled water, the drainage liquor from the washing 
being used to replenish the electrolyte in the cells, to make up for losses 
due to evaporation and removal of solution in anode sludge. 

The tray containing the washed silver crystals is discharged into a 
large steel drying tray. The latter is slid into a drying oven and when 
quite dry the silver is transferred to a storage bin to await final melting. 

The dried cathode silver crystals are melted in a small reverberatory 
furnace, the silver being cast into market bars approximately 1100 oz. 
in weight, or granulated as required. 

Anode sludge is allowed to accumulate in the canvas diaphragm for 
25 days, then the cloth and contents are placed in a drying tray. A cycle 
of operations is arranged so that three cloths are changed each day, 
new cloths being placed in the cradles in their stead. The tray is placed 
in the drying oven, when the canvas burns off and leaves a dry flaky 
material, which every few days is melted down to yield a metal known 
as ‘“‘high-grade” doré. A small amount of borax is used as a flux in 
melting and the slag formed returned to the cupels. The metal is cast 
into flat plates similar to the original doré plates, and again parted in a 
cell specially set aside for this purpose. The result is that a much 
enriched anode sludge is obtained for working up into the final gold bar. 

Before melting, the sludge is digested with nitric acid, the liquor 
being rejected after precipitation of silver. The remaining gold is 
melted up with borax in a graphite pot in an oil-fired furnace. The 
bar from this is remelted with a little dehydrated borax and chlorine 
bubbled through it for refining. The final bar assays 997+ fineness. 
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Average analyses for the products of this section are: 


MARKET REFINED 
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ADVANTAGES OF ContTINUOUS REFINING PROCESSES 


The following is a brief discussion of the principal advantages of the 
continuous processes of lead refining over the old batch processes, which 
were previously employed at Port Pirie. 

With regard to labor force, the advantages of the continuous processes 
are very striking. In the batch processes for softening and zinc refining, 
the operation involves the laborious skimming of dross by hand from the 
surface of the bullion bath, whereas in the continuous processes the dross 
runs from the furnace as a liquid slag, and little or no attention by the 
operator is required. Also, since in the continuous process a single unit 
replaces a large number of batch units, the duties of the operatives are 
simplified, being confined to one furnace, and the number of operations is 
correspondingly reduced. 

Parkes desilverizing practice involves the skimming of the second 
silver zincing for return as first silver zincing to the next charge; however, 
the separation of the corresponding crusts takes place automatically in 
the continuous process in the cooler portion of the kettle, the crusts that 
separate rising on account of their lower specific gravity, and being 
partly dissolved in the incoming bullion and partly dissolved in the 
alloy layer. 

The crusts finally dipped from the continuous desilverizing kettle 
contain only about 12 per cent lead, as compared with 75 to 80 per cent 
lead in those obtained in the Parkes process; hence, the quantity to be 
skimmed is correspondingly small—moreover, the operation of pressing 
is dispensed with. The relatively small quantity of crusts is responsible 
for a large reduction in the labor required for retorting and cupellation. 

The batch processes of softening, desilverizing and zinc refining 
involve in their cycle of operations periods during which a peak load is 
placed on the operatives; since the labor force must be large enough to 
cope with the peak loads, there are periods between such peaks when 
the labor force is unnecessarily large. The continuous processes have 
the advantage that they involve no peak loads on the labor force, and 
hence the few operatives required are steadily employed. 

A considerable saving in oil fuel results from the use of the continuous 
processes. This saving is particularly notable with continuous softening, 
where the combustion of lead, antimony and arsenic provides sufficient 
heat to maintain the furnace and its contents at the required temperature 


for the operation. 
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The repeated heating and cooling of batch units is partly responsible 
for high fuel consumption, but with a continuous unit the optimum 
temperature for the operation involved is continuously maintained, and 
a further saving of fuel results. The quantity of oil used in retorting and 
cupellation is reduced on account of the very small quantity of high- 
grade crusts treated. 

The area occupied by the present refinery at Port Pirie is about 
one-third of that occupied by the old batch refinery, which it replaced. 
When all units in the latter refinery were in operation, it had a maximum 
capacity of 560 tons per day; it is estimated that with all units of the 
continuous refinery in operation a capacity of 1500 tons per day could be 
maintained. Operating only one unit in each section, the continuous 
refinery has produced over 16,000 tons of lead in a four-weeks period; 
that is to say, an average production of over 750 tons per day. This 
large reserve capacity renders the operation of the refinery exceedingly 
flexible, for whereas in a batch refinery if production is to be increased 
or decreased temporarily it is necessary to alter the number of units 
operating, with the continuous process it is simply a matter of adjusting 
the valve on the pump feeding the continuous softener furnace. 

The flexibility is particularly valuable when, owing to variation in 
blast-furnace smelting speeds, the quantity of bullion supplied to the 
refinery is irregular, as the refinery flow can be speeded up or slowed down 
at will, without any alteration in the number of units operating. 

The small size of the refinery means small construction and main- 
tenance costs, and close technical control is achieved to a high degree. 

The metallurgical advantages accruing from the employment of the 
continuous processes are of considerable moment. In the operation 
of the Parkes desilverizing process, the determination of the weight of 
zinc, which theoretically should be added to each charge for lowest 
zinc consumption, is difficult and complicated, and depends on such 
factors as: (1) desilverizing procedure, (2) silver content of bullion to 
be desilverized, (3) weight of bullion treated in each charge, (4) efficiency 
of separation of crusts from mother liquor. 

In the continuous process, the quantity of zine added to a definite 
quantity of bullion treated is not predetermined; the zinc layer gradually 
enriches in silver until it is removed from the kettle, and thus variations 
in such factors as treatment rate or silver content of the bullion to be 
desilverized are reflected only in the frequency of dipping, and do not 
influence the zinc consumption, which is thus always at a minimum. 

When softening of bullion is being conducted according to batch 
practice, the presence of large quantities of arsenic and antimony renders 
the softening process longer, and consequently more costly; however, 
in the continuous softening process, a high arsenic and antimony content 
in the bullion becomes an advantage, since the make of slag in the softener 
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furnace is increased, and consequently the greater heat of formation of 
lead, antimony and arsenic oxides ensures ample heat for operation of 
the furnace, without the use of extraneous fuel; and, secondly, a smaller 
proportion of the total lead has to pass through the desilverizing kettle, 
the remainder flowing directly to the zinc-refining furnace from the 
antimony-dross furnace in the form of hard lead, with consequent 
reduction in zine consumption. 

The increased efficiency of desilverizing by the continuous process 
results in the recovery of an extra 0.1 to 0.2 oz. of silver per ton of bul- 
lion treated. 

The quantity of metal lost in flue gases from the continuous refinery 
is so small that attempts at recovery of fume by any of the standard 
methods are not at present considered justifiable; however, the volume 
of waste gases is very low, and would readily permit the installation of a 
small unit for recovery of metal values. 

The fact that all litharges or drosses from softening and refining are 
handled in a molten state eliminates the dusty nature of the old process 
of skimming a furnace, thus reducing the risk of industrial disease. 

A further advantage of the continuous processes is the small quantity 
of lead and silver incirculation; the total lead incirculation in the Port 
Pirie refinery is one day’s production, and the whole of this lead is 
immediately recoverable. 

Maintenance costs in the continuous refinery are low because of the 
excellent operating life of the various units. The use of steatite bricks 
in the softener, temperature-control, zinc-refining and antimony-dross 
furnaces has proved highly successful. The life of the top arch and 
side walls of the softener and zinc-refining furnaces and of the top and 
cone castings of the desilverizing kettles is approximately three months, 
so that they each serve for the treatment of about 40,000 tons of bullion. 

The antimony-dross and temperature-control furnaces and the 
straight and bottom sections of the desilverizing kettles require renewal 
after a year and a half to two years continuous operation, while the life of 
the bottom of the softener and zinc-refining furnaces is about six months. 

In order to illustrate the effect of the advantages of the continuous 
process on the cost of refining drossed smelter bullion, the schedule of 
costs in Table 1 is included. This schedule is referable to flows of 4 to 
10 tons per hour, and should thus be of more general interest than figures 
for the normal Port Pirie flow of about 20 tons per hour. 


CONSTRUCTION DETAILS 


This section gives a description of the details of construction of the 
various units of the continuous refinery. The bullion-storage kettles 
and molding section have not’been included because their mode of con- 
struction follows established practice. 
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Softening Furnace 


Furnace Dimensions.—The furnace occupies an area of 6 ft. 6 in. by 
16 ft. 6 in. external with 75 sq. ft. hearth area over the invert (Fig. 5). 
The thickness of hearth at the lowest point of the invert is 15! in., the 
hearth having a 314-in. dish to center. The walls and top arch are 9 in. 
thick. The height from center of hearth surface to lead notch is 11} in., 
the slag overflow being 214 in. higher. From slag overflow to spring of 
top arch is 2814 in., the arch rising 3)4 in. to the center. 

Furnace Supports.—The furnace is supported by 6 by 3-in. R.S. joists 
at 20-in. centers providing free air space beneath the furnace. 

Hearth—The hearth is of 9-in. brick on a concrete bed of minimum 
thickness 6144 in. The invert is dished 314 in. to the center of the hearth. 

The concrete mix used for the bed is four parts lead blast-furnace slag, 
34 in.; two parts siliceous sand, 14 in.; one part standard Portland cement 
by volume. 

Crucible Tank.—The furnace is built in a steel tank 3014 in. deep, of 
welded construction throughout, with side of 3g-in. M.S. plate and bottom 
1y-in. M.S. plate. 

Brickwork.—Bricks and blocks throughout are of steatite, prepared 
by crushing selected quarried steatite, bonding with silicate of soda, 
molding and burning. Brickwork is jointed with a mixture of crushed 
steatite and silicate of soda. For the lining and the main jackets bricks 
are used and cut to the required shape, the brickwork being carried by 
steel angles welded to buckstays. Asan insulating cover outside the slag 
jacket, chamotte (four parts finely crushed burned fire clay to one part 
of Portland cement) is used. The mixture is held in position by a steel 
apron plate. 

Water Jackets Side walls are jacketed for a height of 20 in. above the 
hearth, the jackets being of special shape shown, with four sections on 
each side, two on the end distant from the lead and slag notches, and 
special jackets as shown at the discharge end. Water-cooled plates are 
set over the top arch, and are used as an operating platform, the upper 
surface being of checker plate. For cooling water supply, a 6-in. pipe is 
set around the furnace with a 6-in. inlet from the main service. All 
jacket sections are connected in series from the 6-in. main by 114-in. dia. 
pipes, except in the slag spout, where 34-in. connections are used. Flexi- 
ble connections are necessary. ' 

Total consumption under operating conditions is 8000 gal. salt water 
per hour. All jackets are manufactured from 3(¢ in. thick M.S. plate, 
open-hearth steel, the jackets being of welded construction throughout. 

Lead Inlet.—Submerged flow into the furnace is obtained by the use 
of an external lead well situated on the side of the furnace. 
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Lead Outlet.—The lead outlet comprises a jacket with an overflow 
notch behind, which is a special D-shaped jacket forming in effect a lead 
well within the furnace, and giving a submerged outflow of bullion from 
the bath. 

Slag Outlet—For the slag outlet, a jacket with a notch 3 in. wide and 
5 in. deep is employed; a water-cooled slag launder is attached below the 
notch. 

Buckstays.—Buckstays must be welded to tank. 

Firing. —Furnace is oil-fired from the end distant from the lead and 
slag outlets by means of a burner with maximum capacity of 12 gal. oil 
per hour. 

Agitators.—The number and size of the agitators used vary. Holes 
6 in. in diameter are provided in the four center top arch jackets. The 
agitators consist of a steel pipe terminating in a stainless-steel cylindrical 
block with several holes drilled diametrically for air discharge. The pipe 
is connected to the compressed-air service (pressure 90 lb. per sq. in.) 
and water-jacketed by means of two steel pipes set concentrically around 
the air pipe, the salt water passing down the inner pipe and rising in the 
annular space between the inner and outer pipes. The size of the central 
air pipe is 1 in., 34 in. or 3¢ in., according to the size of the agitator. The 
larger sizes are normally used in the softener furnace. 


Antimony-dross Furnace 


The antimony-dross furnace (Fig. 6) is built in a rectangular stee 
tank, 16 ft. 6 in. by 13 ft. 5 in. by 30 in. deep, which is supported on 6 by 
3-in. R.S. joists not more than 21 in. apart. The hearth, which has the 
form of an inverted arch with an area in plan of 168 sq. ft., has aminimuml 
thickness of 15 in. The maximum depth of the metal bath is 1114 in. 
below the lead outlet, the slag outlet being 21% in. higher. 

Combustion space is a constant height, 2 ft. 4 in. at the sides and 
3 ft. at the center above the slag level, throughout the length of the 
furnace. 

Hearth.—The hearth is of brick, 9 in. in the center and 14 in. near 
the sides, set in a concrete bed formed to the shape with a minimum thick- 
ness of 6in. Depth of invert at the center is 6 inches. 

Crucible Tank.—The tank is of M.S. welded plate, 4 in. thick on the 
bottom and 3¢ in. on the sides, stiffened with angle irons. 

Brickwork.—All brickwork is of steatite brick, as specified for the 
softener. 

Water Jackets—Water jackets are installed around the metal bath 
only, and are made of 6-in. dia. pipe flattened to 834 and 25¢ in. section. 
The quantity of water used in these jackets under normal operating condi- 
tions is 12,000 gal. per hour. 
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Five sections of water-cooled plate are set on the top arch, openings 
being provided for three agitators, and one for charging antimony dross. 
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Inlets and Outlets—The furnace is charged through a 16-in. dia. 
opening in the top arch situated in the center of the arch at the end dis- 
tant from the flue. 

The usual combination of D-jacket and overflow notch is provided 
for the hard-lead outlet. The slag outlet is a notch 3 by 3 in. in a section 
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of the flattened pipe jacket. The welds at the notch are protected 
by steatite. 

Both outlets are at the flue end of the furnace, on opposite sides of 
the furnace center line. The slag notch has a short water-cooled launder. 
A skimming door 18 by 12 in. deep is situated between the slag and lead 
outlets and is covered by a steel plate. 

Buckstays, Tie Rods, Etc—Buckstays are 6 by 5-in. R.S.J.’s, welded 
to the tank, and are each cross connected at both top and bottom by 1-in. 
dia. tie rods. The maximum distance between buckstays is 2 ft. 5 in. 
On the ends are four sets of buckstays each 8 by 3-in. channels connected 
by 1-in. dia. tie rods. The thrust of the top arches is taken by 4 by 4 by 
14-in. angles. . 

Top Arch and Side Walls.—The top arch is of 9-in. brickwork, rising 
8 in. to the center of the arch, with a 16 by 24-in. inlet for slag, and three 
6-in. dia. holes for agitators. Side walls are of 14-in. brickwork. 

Firing —The furnace is oil-fired by a burner capable of burning a 
maximum of 24 gal. of oil per hour, through the side wall 4 ft. 6 in. from 
the charging end. 

Agitators——As specified for the softener furnace, the smallest size 
with 3-in. dia. compressed-air pipe. 


Temperature-control Furnace 


The temperature-control furnace is constructed in a rectangular steel 
tank 6 ft. 6 in. by 16 ft. 6 in. by 2 ft. 6 in. deep, supported above the floor 
by steel joists (6 by 3-in. R.S.J.’s at 21-in. centers). The hearth has an 
area of 75 sq. ft. with a minimum thickness of 19 in. on its longitudinal 
center line, the surface rising with inverted arch formation to a height of 
314 in. to the side and end walls. The walls and top arch are of 
9-in. brickwork. 

The depth of the metal bath is 744 in. The inlet and outlet notches 
are at the same level. 

Combustion space above the bath is 2 ft. 4 in. high to the spring of 
the top arch at the inlet or flue end dropping 1 ft. 4 in. at the outlet or 
firing end. The rise of the arch is 3% in. to center. The offtake flue is 
14 by 24-in. section. An opening 8 by 382 in. is provided in the side wall 
near the softened-bullion inlet end for the skimming of dross from 
the furnace and an opening 12 in. square on the same wall for inspection. 

Hearth.—The hearth is of 9-in. brick on concrete bed formed to the 
hearth shape with a minimum thickness of 10 inches. 

Crucible Tank.—The crucible tank is of M.S. plate 14 in. thick on the 
bottom and 3¢ in. at the sides, suitably stiffened with angle irons and of 
all-welded construction. 
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Brickwork.—All brickwork is of steatite to the specification given 
for the softening furnace, except for the lining to water jackets around the 
metal bath, where chamotte is used. 

Water Jackets —Jackets are used only around the metal bath and are 
manufactured from 6-in. dia. piping flattened to 834 by 23¢-in. section. 
Inlet and outlet notches are 6 by 5 in. deep with the jacket section com- 
pensated. The tops of the jackets project 1}4 in. above the top of the 
tank. There are separate jackets for inlet and outlet and two sections 
on each side. ‘The jackets on each side are connected in series. 

Buckstays, Tie Rods, Etc—Buckstays, which consist of two 5 by 2}4-in. 
channels, are spaced not more than 3 ft. 7 in. apart at the sides. On the 
ends are two sets of buckstays 5 ft. 314 in. apart. All buckstays are 
welded to the tank, and coupled top and bottom across the furnace by 
l-in. dia. tie rods. Skewback angles 4 by 4 by 1 in. are welded to buck- 
stays to take thrust of top arch. 

Top Arch.—The top arch is of 9-in. brick rising 3) in. to center. 

Firing —The furnace is fired by a burner capable of burning up to 
12 gal. of oil per hour, located in the end wall above the outlet, the 
products of combustion being carried off by a flue at the bullion-inlet end. 


Desilverizing Kettle 


The desilverizing kettle (Fig. 7) is of cast iron divided into four sec- 
tions, connected by special joins, the bottom section bearing directly 
on a heavy reinforced concrete foundation, the whole enclosed in brick- 
work (Fig. 8) built to form six firing hearths around the kettle, three for 
the bottom section, and one each for the other sections, the brickwork 
being tied by steel members. The maximum diameter of the kettle is 
10 ft. internally and the over-all height of the casting is 23 feet. 

Standard firebricks are used throughout except for baffle walls in 
the top firing chamber where silica bricks are used. All bricks are clay 
jointed. Thesetting (Fig. 8) consists of brick walls 9 in. thick constructed 
to form a rectangle 13 ft. 10 in. by 16 ft. 4 in. with divisions spanning the 
area between the walls and the kettle, dividing the space into a tier of 
six combustion chambers with intermediate pockets around kettle flanges. 
The divisions are supported at their outer extremities by the brick walls, 
and at their inner by the flanges or walls of the kettle. Where divisions 
abut to the cast-iron kettle, brickwork is arched between the 13-ft. 10-in. 
walls, except the top arch, which spans between the 16-ft. 4-in. walls. 
Tiles are used for the divisions, which rest on flanges. 

Each of the six combustion chambers has two burners, both affixed 
to the same wall—one right and one left of the kettle center line—with 
flue outlet between the longitudinal baffle walls directing gases around 
the kettle, preventing short-circuiting to the flue. Each burner on all 
chambers is suitable for the combustion of 12 gal. of oil per hour maximum. 
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The top chamber is divided into two compartments, each with 
separate outlet to flue 12 in. wide. Other chambers have each 
one outlet to the flue 18 in. wide. Ports are left and filled with loose 
bricks in outer walls at all vantage points for inspection and air intake 
as required. 

Buckstays.—R.S8.J.’s 12 by 5 in. are used at 5-ft. 2-in. centers against 
the walls that take the lower arch thrusts, and 10 by 414-in. R.S.J.’s 
against the 16-ft. 4-in. walls opposing the top arch thrust. Thrust 
angles 4 by 4 by 144 in. are used except at the top, where the size is 
increased to 6 by 4 by 14 in., all angles being bolted to overhead buckstays 
supported by a horizontal double band of 14 by 514-in. R.S.J.’s at the top, 
with a similar double row of 14 by 214-in. R.S.J.’s 8 ft. 9 in. above founda- 
tion. Joists are linked at the corners by adjustable connections to 
provide for expansion. 

Flues—The main flue is vertical 2 ft. 9 in. square internally with 
1314-in. walls with separate connections for each chamber. 

Castings.—Metal is 3 in. thick throughout for kettle castings except 
for: (1) walls of bottom section, which are 2 in., (2) thickening due to 
fillets at junction of flanges and kettle shell. 

The top casting is of special section with an inlet box that is a separate 
casting forming a trap to prevent ingress of dross and giving a submerged 
intake. Desilverized lead is discharged from the kettle through a siphon 
pipe, provision being made in the casting to take the delivery arm of the 
pipe, which is held in position by vertical plates studded to the casting, 
leaking from the upper portion of the kettle being prevented by luting 
between plates and around the pipe with chamotte, the holding down 
plates and packing being fixed on the outer vertical surface by a 
water jacket. 

The siphon pipe is of cast iron with a 3!4-in. diameter bore throughout, 
the thickness of metal in the upper section being 4 in. reduced to 2 in. 
for the lower portion. 

A 114-in. dia. rod is passed through the pipe and has a 2-in. square 
return welded to the bottom end. 

Joints.—Castings are jointed by casting M.S. tee rings 2 by 1)¢ in. 
in flanges and welding thereto M.S. flats 3¢ in. thick, as shown, to forma 
flexible joint, the distance between flanges being 3 in., the space being 
packed with chamotte. 

A water jacket 25g by 34 in. internal in two semicircular sections is 
used in addition for the lower joints only, the sections for each ring being 
connected in series, the inlets and outlets being 34-in. dia. A third 
jacket is carried around over the heads of the bolts of the top joint, the 
halves having 34-in. connections in parallel. 

Fresh water (1000 gal. per hour) is used for circulating through 
the jackets. 
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Floor Plates—The working area around the top of the kettle and 
covering the setting is floored with hollow steel plates from 34¢-in. steel. 
Water is circulated through the plates, each section having a 1-in. dia. 
inlet with outlet diagonally opposite. Cooling water used amounts to 
2000 gal. per hour. 


Zinc-refining Furnace 


The zinc-refining furnace is set in a rectangular steel tank 6 ft. 6 in. by 
16 ft. 6 in. by 3 ft. 314 in. deep, with its bottom supported above the floor 
by 8 by 4-in. R.S. joists at 21-in. centers. The hearth is 15 sq. ft. in 
area and 1614 in. thick at the thinnest section—the center of the inverted 
arch formed between the side walls. The arch drops 4 in. from side walls 
to center. Walls and top arch are of 9-in. brickwork. 

The depth of metal below the lead outlet is 18 in., the slag overflow 
being 1% in. higher. 

Combustion space is 2 ft. 914 in. above slag level at the firing end, 
diminishing to 1514 in. at the flue offtake end, both measurements being 
to spring of top arch at side walls and increase 3 in. to the center. 

The flue offtake is 3 ft. 6 in. by 14 in. 

Hearth.—The hearth is of 9-in. brick set in a concrete bed formed to 
the shape of the hearth with a minimum thickness of 744 in. A small 
channel is built in the hearth at one end, connecting to a drain pipe 
consisting of a C.I. breast and spout, the breast opening increasing from 
134-in. dia. to 3-in. dia. at the outside. 

Crucible Tank.—The tank is of welded M.S. plate 1 in. thick on the 
bottom and 3¢ in. thick on the sides. Holes 1-in. dia. are drilled in 
the tank for drainage. 

Brickwork.—All brickwork is of steatite bricks, as described for the 
softener furnace. 

Water Jackets—Jackets around the metal bath are of similar con- 
struction to those on the temperature-control furnace, except at the lead 
and slag outlets, where special sections as described for the softener 
furnace are employed. Jackets are welded from mild-steel plate 3/6 in. 
thick, and all welds over which metal and slag flow are protected by 
stellite 1g in. thick. 

Each jacket section has a direct valve-controlled connection from the 
6-in. supply main around the furnace, 1-in. dia. in squash jackets and 
114-in. dia. for outlet notches, with direct connection of similar size to 
drain, all jackets parallel connected. Flow of cooling water through 
the jackets around the metal bath averages, including notches, 8000 gal. 
per hour. 

The top arch is also covered by water jackets having a 3-in. water 
space, 114-in. supply and drain connections in parallel, inlet and outlet 
for each section being at diagonally opposite corners. Six sections 
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cover the full length of the furnace, openings being provided in four for 
the admission of agitators, and in one for the desilverized lead inlet. 
Jacket construction is of 14-in. M.S. plate welded. The top plates are 
54, in. thick with checkered surface. Water used for roof jackets 
amounts to 2000 gal. per hour. 

Inlets and Outlets—Molten lead is charged through a 6-in. dia. 
opening in the top arch, situated with the center line of the hole 18 in. 
from the side wall and 8 ft. 8 in. from the outlet end wall. The lead 
outlet is at the flue end with the slag notch in the adjacent side. The 
slag runs down a sloping launder of water-jacket construction. 

Buckstays, Tie Rods, Etc-—Brickwork is tied by steel buckstays at 
not greater than 3-ft. centers, each consisting of two 6 by 3-in. channels 
welded to the crucible tank and connected top and bottom across the 
furnace by 1-in. tie rods. 

Top Arch.—The top arch is of 9-in. brick with a 3-in. rise to its center 
and covered by water jackets, as previously described. 

Firing.—The furnace is oil-fired by means of a burner installed on 
the end opposite the flue offtake, which is capable of burning 24 gal. 
per hour maximum. 

Agitators.—Agitators of the type described in connection with the 
softener furnace are employed. Those used in the zinc refiner have a 
central air pipe 3g in. in diameter. 

Charging Antimonial Slag.—Slag is charged through the roof by means 
of a chute situated on the furnace center line, at the extreme end opposite 
the flue. The flow is controlled by a slowly moving conveyor belt, the 
speed of which can be readily adjusted. 


Retorting Furnaces 


The plant consists of four furnaces on a common center line, outer 
center distances being 13 ft. 6 in. and space between furnaces 11 ft. 
0 inches. 

Furnace casing is of 1-in. cast-steel plate connected at corners by 
angle irons and bolted together. The side plates are flanged at the 
bottom, to give a landing for 45-lb. section rails, on which the bottom 
cast-iron plate rests. 

The furnace is built of 9-in. thick special silica brick with the exception 
of the bottle seating, which is of Carbolox brick (carborundum refractory). 

Flue offtake measuring 18 by 12 in. is horizontal on top of and built 
integral with retort brickwork, with a 12 by 8-in. opening from combus- 
tion chamber above neck of bottle. With the furnace in the vertical 
position, the discharge opening at rear of gas offtake comes to rest against 
the mouth of the branch from 18-in. dia. downcomer from main flue, a 
vertical counterpassed C.I. damper being installed in each branch. 
Downcomer and branch are mild steel cased with 3-in. firebrick lining. 
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Retort bottles A.P. (Q-80) Salamander crucibles from Morgan 
Crucible Co. are supported in an inclined position at the neck by front 
plate and lining, at the rear by the split seat of Carbolox bricks through 
which a 3%-in. Major rotary oil-burner fires. (Maximum capacity of 
burner is 24 gal. per hour.) Retort bottle is 1234-in. dia. at the top, 
34-in. dia. at the bulge and 24-in. dia. at the bottom, with a height of 
5014 in., all outside measurements. The walls are 1)4 in. thick at top to 
3 in. at bottom, with bottom thickness of 23g in. Bottle weighs 5 ewt. 
1 qr. empty, has a flush capacity of 11.33 cu. ft. and in the inclined 
operating conditions will take an average of 37 cwt. (4100 lb.). 

Condensers fitted to the mouths of crucibles are of M.S. 14 in. thick 
plate lined with 114-in. refractory of 12.5 per cent clay, 37.5 per cent sand 
and 50 per cent cement, 2-ft. 6-in. dia. by 4 ft. 0 in. long extended and 
reduced at mouth to match bottle to which condenser is luted. Con- 
densers are supported by slinging from a 2-ton chain block carried by a 
3-ft. 414-in. radius jib arm having a 214-in. dia. center post bracketed 
from 10 by 8-in. R.S. joist column and turning in 8.K.F. T-16 thrust 
bearings. Jib is of two 3 by 214 by 3-in. angles with 114-in. dia. tie rod. 

Trunnions are fitted in the center of the furnace side plates and rest 
in 314-in. bearings fitted with C.R.M. 28 8.K.F. rollers, the whole furnace 
being carried on these bearings, one each side on cast brackets bolted 
down to the concrete foundation. 

Block attachment to side plate with threaded screw-and hand wheel 
provide the means for tilting furnace, which can be thus moved through 
an angle of 45° in the vertical plane. 


Cupellation Furnaces 


There are two cupellation furnaces. Refractory work is of alumina 
brick throughout. Brickwork for invert and walls is 9 in. thick with 
top arch 414 in. thick. 

Water jacket around the bath consists of a 114-in. dia. pipe bedded 
in a barites and cement mixture. 5 

Crucible tanks are of steel with bottoms 14 in. thick, sides 3¢ in. thick, 
each measuring 10 ft. 6 in. by 3 ft. 0 in. by 16} in. deep, stiffened by 
four 4 by 3 by }4-in. angles on the under side. Corner buckstays are 
of double-section 5 by 214-in. channels, welded to tank, and extend 
to ground level acting as supporting legs for furnace, there being a 20-in. 
space from floor to bottom of crucible. Intermediate buckstays are of 
4 by 4 by -in. angles. Skewback angles supporting the top arch are 
4 by 4 by 4 inches. 

Furnace is oil-fired by a burner of maximum capacity, 24 gal. per 
hour. The flue offtake, 18 by 9 in., is through arch at opposite end, each 
offtake connecting to a common header 1 ft. 9 in. internal diameter 
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connecting to main flue. Header and flue connections are steel cased by 
1¢-in. thick plate with 3-in. brick lining. 


Electrolytic Parting Plant 


The parting plant consists of 80 cells in four groups of 20 cells each, 
the groups being connected in parallel and the cells within each group 
in series. For each group of 20 cells, there is an instrument panel 
containing a main isolating switch, ammeter, low-range voltmeter 
and plug sockets for determining the voltage drop across every 
cell individually. 

Cells are placed with 3-in. air space between them, and each cell 
rests on four porcelain insulators capped with acid-resisting rubber pads. 
Height from floor to top of cells is 3 ft. 3 in. Cell tables are built up of 
brick, the table surface and side of the upper course being of white glazed 
tile, while the top slopes 4% in. to center channel, which falls 14 in. from 
each end to center, connecting there to a vertical 2-in. earthenware pipe 
to drain below. Drains and cable ducts are %-in. C.I. plates. 

Cells are of glazed earthenware 114 in. thick, one end being vertical 
and the other (the front of the cell) having the form of a sloping lip. A 
wooden cradle to take the anode plates rests against the back of the 
cell, and sufficient clearance remains at the front to enable a wooden 
scraper to be pushed under the cradle and deposited silver to be raked 
forward onto the front slope of the cell. 

Cradles are of oregon and the cross-bearers to carry the anode plates 
are of 11/,-in. O.D. boiler-gauge glasses. These are so fitted as to be 
easily removed. Inside the cradle rests the diaphragm of 15-oz. per 
yard canvas duck, previously washed to remove the dressing. This is 
stretched taut by a closely fitting timber frame pressed inside the 
cradle. The inner frames are of celery-top pine, oregon having been 
found unsuitable. 

The anode plates rest on the diaphragm—four plates per cell—and 
across the junctions between the plates is set a contact piece (also of 
doré) connecting to the anode leads by means of a brass collar (i.e., two 
anodic contacts per cell). 

Cathodes are Acheson carbon slabs, covering the whole of the hori- 
zontal cell bottom. On one side of the cell is a carbon lead-up plate 
resting against the main cathode surface. The other end is connected by 
copper clip to the cathode lead. This passes down and through the 
brickwork table to a bus bar on the opposite side. 

Anode and cathode connections to bus bar are separated by a knife 
switch, normally open but closed to isolate the cell by short-circuiting. 

Clearance between lower-surface anode plates and cathode surface 
is 314 to 4 inches. 
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For the generation of direct current of the necessary amperage and 
pressure, two machines are installed in a specially constructed room, one 
of the two being a reserve set. 

Each machine consists of a 550-amp. 60 to 125-volt self-excited shunt- 
wound compole screen-protected British Thompson Houston direct- 
current generator, 960 r.p.m. with frame D.S. 11W and two end shield 
journal bearings coupled to 75-hp. 960-r.p.m. protected General Electric 
motor, the whole being mounted on a combination steel bedplate 833¢ in. 
long by 39 in. wide by 914 in. high. 

For controlling fields of generators, shunt field rheostats were installed, 
operated by single-phase a.c. 50-cycle 550-volt motors. The 75-hp. 
motors were fitted with compensator-type C.R. 1034 starters. 


Chlorine Dezincing in Lead Refining 


By Jessr O. Betrerton,* Maurer, N. J. 
(New York Meeting, February, 1933) 


In the Parkes process of lead refining, after desilverization has been 
completed by means of zinc additions, there will remain in the lead from 
0.5 to 0.6 per cent zinc. At this stage in the refining practically all 
impurities are reduced to refined lead specifications except zine and 
antimony. All excess of copper and nearly all the arsenic goes out with 
the silver. Silver remaining should not exceed 0.1 oz. per ton. It thus 
remains only to remove zinc and antimony to produce refined lead. 

The older practice was to complete refining by means of oxidation 
processes in reverberatory furnaces. Essentially this consisted of 
heating the lead to 1200° to 1300° F. and allowing it to come in contact 
with a considerable excess of air passing through the furnace, or accom- 
plish the same result by blowing the lead with steam by means of pipes 
introduced for that purpose, at the same time allowing air to enter the 
furnace. Usually some procedure involving alternate oxidation and 
reduction with fine coal or coke was employed in order to reduce the 
weight of dross or skim finally removed from the furnace. 

This practice had many elements of weakness in that the main flow of 
lead, after the preceding expensive operations had been performed, and 
the whole refining process nearly completed, was subjected to an operation 
at a comparatively high temperature, which involved much lead loss if 
the furnaces were not on bags, and the production of 3 to 5 per cent of the 
weight of the lead as dross or skim, which had to be resmelted and the 
lead either refined or produced as antimonial lead. In addition, 
the operating expense of the process was a considerable item. 

The process of dezincing with chlorine was developed as a substitute 
. for the foregoing described oxidation process, and finally resulted in such 
advantages as nearly equal operating costs, a practical elimination of the 
lead loss, and the direct production of a very valuable byproduct, zinc 
chloride, that may be sold as such or retreated for its zinc and chlorine 
contents, both of which can be reused in the refining processes. 

Essentially this process consists of circulating the lead by means of a 
pump in a kettle through a closed reaction cylinder, gaseous chlorine 
entering the reaction cylinder with the stream of lead from the pump. 
Molten zine chloride is thus produced and is discharged together with 
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the lead from the reaction cylinder and floats on top of the mass of lead 
in the kettle. The zinc chloride is removed from the lead by skimming, 
remelted, and treated with zinc to free it of both metallics and combined 
lead, and packed as a commercial zinc chloride for various uses. 

_The process is rapid and simple, conducted at moderate temperatures, 
660° to 750° F., can be applied with ordinary and fully dependable 
equipment, and is free from noxious chlorine fumes to a surprising degree. 
Very little, if any, fuel is required as the reaction is markedly exothermic. 


EQUIPMENT AND Its Usns 


Dezincing Machine.—The equipment employed in this operation 
consists of a dezincing machine, any kettle of suitable capacity, and 
equipment for the handling of one-ton chlorine cylinders. As shown in 
Fig. 1, the dezincing machine consists of a compact assembly, suitable for 
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Fic. 1—BETTERTON CHLORINE DEZINCING MACHINE. 


handling by overhead crane, of the following units: (1) mill-type motor; 
(2) reduction gears, air-cooled; (3) variable-speed motor control; (4) 
pump with capacity 8 to 12 tons per minute; (5) cast-iron reaction cylin- 
der. The dezincing kettles used in several lead refineries range in size 
from 110 tons lead capacity to 225 tons capacity. 

Chlorine Equipment.—We have found it best to purchase chlorine in 
one-ton drums because these are easily handled without extensive storage 
facilities for liquid chlorine, which would be required for chlorine received 
in tank cars; because they are safe, and yet contain a reasonably large 
amount of chlorine per unit for our purpose. A special drum carrier, as 
shown in Fig. 1, has been developed for handling and weighing the one- 
ton drums in and out of the refinery. 


266 CHLORINE DEZINCING IN LEAD REFINING 


When discharging the drums into the reaction cylinders of the dezinc- 
ing machines, a drum is set vertically in a tank of water provided with an 
open steam line and thermometer. The water is heated up to 70° F. and 
not to exceed 90° F. This will allow approximately 400 to 500 lb. chlorine 
per hour to flow as a gas from the drums. If more is desired, both valves 
may be connected with separate lines to the reaction cylinder and the 
quantity increased. Chlorine lines between the drum and the reaction 
cylinder are made of 14-in. iron pipe, broken by 3 or 4 ft. of flexible steel 
hose. The hose is fastened to the pipe by special couplings to prevent 
danger of separation. 

Reaction Cylinder—The purpose of the reaction cylinder is to 
provide a means of introducing large quantities of chlorine into the 
lead in a short time. By using an enclosed cylinder, the discharge of 
which is near the bottom of the kettle, all escape of chlorine into 
the atmosphere is prevented and complete economy of the use of 
chlorine obtained. 

By properly adjusting the rate of pumping to the rate of chlorine 
addition, localization of the heat of reaction can be prevented by the 
rapid passage of lead through the cylinder. This prevents an increase of 
temperature sufficient to cause any appreciable corrosion of the cast- 
iron cylinder. 

When lead is pumped through the reaction cylinder before any 
chlorine gas is admitted, the air in the cylinder is gradually carried out 
with the lead. This is evidenced by the vacuum gradually building to 
nearly a full vacuum provided the cylinder and fittings entering it are 
practically airtight. 

After the air in the cylinder has been displaced by chlorine gas at the 
start of the operation, and during the remainder of the time of chlorine 
addition, conversion of gaseous chlorine into molten zine chloride is 
occurring with corresponding reduction of volume. Nearly a full vacuum 
can be rapidly obtained by cutting off the addition of chlorine at any time 
during the operation. The explanation of this is that the lead soon 
exhausts the supply of chlorine in the cylinder and hence a full vacuum 
results, and the lead raises a corresponding height of nearly three feet in 
the reaction cylinder. 

It will be evident that a vacuum gauge is a good indicator of conditions 
within the cylinder and is used to maintain them as desired. By allowing 
chlorine to enter rapidly enough to drop the vacuum to 8 to 5 in. Hg, 
it is being added as rapidly as the rate of pumping will allow. 

The discharge of lead from the reaction cylinder would be in the 
nature of a vortex were it not for the disturbing effect of the central 
incoming stream of metal. The result is probably a violent churning 
action and the discharge pipe is sealed by outflowing metal from the 
escape of chlorine gas. 
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By adjusting the vacuum the hydrostatic level of lead is maintained 
somewhat above the entrance of the discharge pipe in the reaction cylin- 
der, thus confining the chlorine gas within the cylinder and preventing 
corrosion of the discharge pipe which experience has proven would 
otherwise occur. 

The discharge pipe must be of somewhat larger capacity than the 
quantity of lead entering the cylinder, otherwise the cylinder would be 
quickly flooded; however, it is probably advisable not to make it too 
large. If this is done, no arrest of the lead is effected in the cylinder and 
as a result it will be necessary to pump more lead relative to any given 
rate of adding chlorine. 


OPERATION OF THE PROCESS 


As soon as the desilverizing step in the lead refinery has been com- 
pleted, the desilverized lead is pumped to a dezincing kettle at a tem- 
perature preferably 660° F. The dezincing machine is then placed on the 
kettle and allowed to warm up, the temperature of the lead being main- 
tained at 660° F. The chlorine cylinders in their respective receptacles 
are then placed adjacent to the dezincing machine and the chlorine outlet 
valves connected to the reaction cylinder by suitable flexible steel hose, 
and all joints and connections made absolutely leakproof. 

As explained previously, the reaction cylinder operates under a 
vacuum and any outside air entering the reaction cylinder immediately 
reacts and produces zinc oxychloride, which is very detrimental in the 
production of a satisfactory zinc chloride product for the market. The 
surface of the lead is thoroughly cleaned of all oxide skim because litharge 
reacting with zinc chloride would produce zine oxychloride. 

As soon as the pump shaft has been found to be free, the motor is 
started slowly and the speed is gradually increased by the variable speed 
control until 12 tons of lead per minute are being pumped through the 
reaction cylinder. This is done in order that the machine may be 
thoroughly warmed up before the introduction of chlorine gas, and also, 
if the vacuum gauge registers 28 in. Hg, it proves that the equipment is 
absolutely leakproof. The speed of the pump is then reduced to about 
8 to 10 tons of lead per minute. The chlorine is then admitted slowly 
and gradually the valve is opened until the vacuum reads 3 to 5 in. 
of mercury. 

During the early stages of chlorining, two gas lines may be connected 
to the reaction cylinder and chlorine admitted at the rate of 500 lb. per 
hour. As the action is strongly exothermic, no fuel is required during the 
dezincing operation; in fact it has been found necessary to admit cooling 
air to the kettle pit in order that the temperature of reaction may be held 
within limits and the greatest dezincing speed obtained. 
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Although zine chloride does not volatilize under standard conditions 
until a temperature of 1346° F. is reached, when contained in open kettles 
a considerable loss and annoyance can occur if the temperature of the 
bath is allowed to exceed 750° F. From clean surfaces of upflowing lead 
currents some volatilization occurs which ceases as soon as a thin layer 
of molten zine chloride covers the metal. 

There is another distinct advantage in not allowing the temperature 
to become excessive. The zine chloride skim which collects on the sur- 
face of the lead freezes in blocks resembling small ice cakes floating in 
water and are thereby easily removed by skimming with the ordinary 
perforated skimming tools. This greatly facilitates the removal of zinc 
chloride and in well regulated operations the zine chloride skim is nearly 
all removed at the same time that the dezincing operation has 
been completed. 

The zine chloride formed is a deep bluish gray product, and when 
the zine has all been practically removed, a white skim, lead chloride, 
appears, which is easily distinguishable. 

The pump should be operated for a short time after the white skim 
appears in order to obtain zine finals of 0.005 percent. The chlorine gas is 
then shut off and disconnected, the pump allowed to operate for a few 
minutes in order to thoroughly wash out the cylinder, and then stopped, 
and the dezincing equipment removed from the kettle. 

It has been found that the zine removal can be calculated by the 
weight of chlorine used according to the simple reaction between zinc 
and chlorine. The losses of chlorine are practically negligible, and 
therefore a 100 per cent value for the chlorine may be used in the 
above calculations. 

The time required for chlorine addition will range from 4 to 5 hr., 
the over-all cycle time averaging 8 hr. Three charges per kettle unit 
can be completed in 24 hr. It will thus be evident that the capacity of 
the process per unit is very large, the maximum capacity of a single kettle 
unit of 200 tons being 18,000 tons monthly. 


PREPARATION OF MARKETABLE ZINC CHLORIDE 


The zine chloride recovered by the dezincing operation will contain 
variable, minor quantities of lead chloride, lead oxychloride, and roughly 
about 8 per cent of its weight as lead prills. We have developed com- 
mercially two methods of producing marketable zine chloride as follows: 

1. Pure fused zine chloride by means of a deleading operation which 
completely removes lead and any traces of other heavy metals. 

2. Pure zine chloride solutions of any desired strengths. 

An alternate method, which has been used commercially, particularly 
in England, is the electrolytic decomposition of zine chloride. As both 
the recovered zinc and chlorine would be reused in the same lead refinery, 
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the process is of particular interest in this connection, and a good 
substitute, should the simpler methods of marketing the product 
prove unsatisfactory. 

Fused Zinc Chloride.—The production of a fused product of the best 
market quality is accomplished by means of the complete removal of 
lead and traces of heavy metals by means of a deleading operation with 
metallic zinc. The chemistry of this latter operation is based on the 
fact that in the fused salt the lead contained, both as the normal chloride 
and as the oxychloride, can be completely removed by the simple exchange 
with zinc in the liquid state forming zinc chloride and zine oxychloride. 

Our procedure is to skim the partly frozen zinc chloride from the 
dezincing kettle into 3-ton cast-iron lead pots, which must be thoroughly 
dry and free from iron rust, to prevent any contamination of the product 
with iron. These pots are immediately discharged into the deleading 
kettle, which may be of any convenient size. For large operations a 
kettle of 40 tons lead capacity, and treating approximately 7 tons of zine 
chloride is preferable. For small operations, a kettle of 15 tons lead 
capacity is generally used. 

A light fire is maintained on the deleading kettle to prevent the salt 
from absorbing moisture from the air, and when completely charged, the 
temperature is raised to 740° F., properly liquefying the salt for good 
deleading operations. 

As an example of this practice, 7 tons of zinc chloride yielded 1120 lb. 
of lead from the prills, to which was added 175 Ib. of metallic zinc; 
producing a zinc-saturated lead and excess zinc in a mushy crust equiva- 
lent to 13.51 per cent zinc. Combined lead was approximately 2.5 per 
cent, or 350 Ib., and required an equivalent of 125 Ib. of zinc. 

There are two methods adopted for deleading; namely, the molten 
zine chloride may be forced down through the metallic bath, or the zinc- 
lead alloy may be dispersed through the molten salt. Both practices 
employ a pump for the operation and either method gives satisfac- 
tory results. 

The time required for this chemical exchange or deleading operation 
will range from 4 to 10 hr., during which time the temperature is main- 
tained uniformly at 740° F. A thin crust of zine chloride freezes over 
the top of the kettle and effectively prevents any loss by volatilization. 

When tests show that the lead has been completely removed from 
the molten zine chloride, the pumping is stopped and the molten zinc 
chloride allowed to settle for one hour and then either pumped or tapped 
into suitable shipping containers. The lead-zinc alloy is returned to the 
desilverizing process in the lead refinery for utilization of its zinc content. 

The product produced is a pure, fused zine chloride, rather unique in 
that it is anhydrous. It can regularly be produced free of heavy metals 
and with a water-soluble zinc chloride content of 99 per cent or somewhat 
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more, the remainder being water-insoluble, or basic zine chloride. Owing 
to its method of manufacture, it contains no alkali chlorides, ammonium 
chloride, sulfates, or carbonates. 

Production of Zine Chloride Solutions —The methods of purifying and 
producing zine chloride solutions of any desired commercial strength and 
purity are well known and not contemplated in the scope of this paper. 
It is sufficient to state that the salt produced in the dezincing operation 
forms an excellent base for the economical production of such marketable 
solutions. In this case the deleading operation, of course, would 
be eliminated. 
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Electrolytic Lead Refinery, Betts Process, the Consolidated 
Mining and Smelting Company of Canada Limited 


By P. F. McInryre* 


ELEcTROLYTICc refining of lead was first carried out on a commercial 
scale at Trail, B. C., in 1903. The capacity at that time was small, and 
cell-changing operations were managed with chain block and monorail. 
Development up to 1922, utilizing crane installations and cell additions, 
attained a production of 100 tons per day. Successive additions from 
1922 to 1926 further increased the rated capacity to 396 tons per day. 
Other improvements in metallurgical practice have gradually increased 
production, until for the year 1935 it was 448 tons per day. During the 
first five months of 1936, an average daily production of 504 tons was 
maintained without increasing the size of the plant. 


LEAD REFINERY 


Buildings.—The tank room and the lead-melting and casting equip- 
ment are housed in two buildings, which parallel each other and which for 
the greater part of their lengths are joined by a connecting aisle. All 
basements, walls, sumps and floors are of concrete. Where exposed to 
the electrolyte, the concrete has a protective coating of asphalt (220° 
melting point) over a coat of asphalt paint as a primer. Buildings 
erected before 1924 are of wood. More recent additions are made of 
structural steel with gunite siding. A brick building, adjoining the older 
section of the tank room, houses the slimes-treatment plant. The 
power house, containing motor generators, air compressors and rectifiers, 
is constructed of tile. 

Cell Construction —The electrolytic cells are of reinforced concrete 
lined with asphalt. They are cast in pairs, the outside dimensions of 
a double cell being 113 in. long by 73 in. wide by48 in. deep. The bottom 
is 6 in. thick and the sides, ends and center wall are 4in. thick. A ledge 
3 in. wide and 214 in. deep is left along the top of the side walls to carry 
the insulators and bus bars. Reinforcing consists of 4-in. round iron 
rods. Cell inspection and repair work is done in conjunction with the 
cell-changing operations. The repair work necessary is usually confined 
to renewing chipped asphalt, unless a tank has been accidentally broken. 
Minor concrete repairs can be easily made in place. The broken concrete 
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is renewed with a thick mixture of cement and fine sand. The patch 
is then covered with roofing paper and 4 layer of asphalt. Cells in the 
older sections of the plant have been in service for over 20 years. 

There are 1116 cells divided into 13 sections. The sections are made 
up of either 6 or 8 rows of double cells arranged in cascade. The number 
of cells in a cascade vary from 9 to 4, with the more modern installations 
favoring the smaller number. The double cells are set 5 in. apart with a 
drop of 314 in. between adjacent cells. The rows are set 23 in. apart 
running lengthwise of the building. Cross aisles run between sections, 
the widths varying as required by the tank-changing operations. 
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Fira. 1.—ELEcTROLYTIC LHAD-REFINING CELL. 
Showing arrangement of electrodes; electrolyte circulation piping and bus bars. 


The cells are supported on 12 by 16-in. asphalted timbers running 
crosswise of the building, which in turn are supported by capped 12 by 
12-in. pillars set on concrete footings raised above the level of the base- 
ment floor. ‘The tank supports also carry a series of aprons and launders 
of wood lined with roofing paper and asphalt. These apronsand launders 
convey all solutions siphoned from the cells during tank-cleaning opera- 
tions to a series of settling tanks. They also serve to catch any leakage 
or overflow from the cells. The settling tanks in turn prevent entrained 
slimes from entering the circulating electrolyte. 

There is additional storage capacity in the basement equal to about 
10 per cent of the total circulating electrolyte. This storage takes care 
of overflow from the settling tanks, provides for fluctuations in the total 
volume, and for emergency storage in case of power failure. 

Circulation.—Electrolyte is circulated to the top tanks of the cascades 
by means of 114-in. hard-rubber pipes leading from a series of distribution 
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tanks. The electrolyte enters a cell at one side of the top. It is with- 
drawn at a point 8 in. from the bottom in the diagonally opposite 
corner from entry, by means of a 1-in. hard-rubber overflow pipe. The 
overflow pipes are installed by means of hard-rubber nipples and elbows 
asphalted in place. Nipples between adjacent tanks are connected by 
pure gum tubing. Electrolyte from the bottom cells of the cascades 
enters launders, which convey it to the pump tanks from which it is again 
pumped to the distribution tanks. An air ventis provided in the overflow 
pipe of the bottom cells in a cascade to prevent siphoning. 

Pumps.—Both copper and Monel metal are resistant to corrosion by 
the electrolyte. Two types of pumps having the parts exposed to the 
electrolyte made of these metals are in use. For elevating electrolyte to 
the distribution tanks, plunger pumps are used throughout. A 10-in. 
copper pipe flanged to a 6-in. pipe forms the plunger and lift sections. A 
foot valve composed of a perforated plug with disk and spindle is threaded 
into the bottom of the plunger section. The plunger valve is connected 
to an overhead eccentric drive by a 2-in. O.D. copper pipe shaft. These 
pumps, while less economical than the centrifugal type from a power 
point of view, have given satisfactory service for many years with a 
minimum of repairs. 

Centrifugal pumps of the submerged type are used entirely for all 
sump and storage service. The shaft is encased in a 6-in. copper pipe, 
flanged at both ends. The flanges support the impeller casing and the 
top bearing of the pump. Holes in the 6-in. copper pipe provide spillways 
for any solution leaking past the lower bearings. The pumps are belt- 
driven and usually are supported by clamps constructed of timbers, 
which also act as the motor supports. 

Electrolyte-—The electrolyte used in the process is a solution of lead 
silica fluoride and hydrofluosilicic acid, a representative analysis of which 
is: sp. gr., 1.210; Pb, 67 grams per liter; free H.SiF's, 95 grams per liter; 
total H2Sik’s, 142.0 grams per liter. 

The circulation of the electrolyte through the cells is at the rate of 
3 to 4 gal. per minute. Temperatures vary between 40° and 50° C. 
Steam coils in the distribution tanks prevent the temperature from going 
too low and unless the weather is extremely hot, the temperature seldom 
exceeds the higher figure. Fresh acid is added in proportion to losses 
sustained, which are at the rate of 2.5 to 3 lb. H.Sil’s per short ton of 
refined lead produced. Sulphuric acid is used when necessary to control 
the lead content. 

J. J. Fingland has fully covered the analytical control work essential 
to the process!, and this need not be repeated here. Changes in metal- 
lurgical practice since that time will be discussed in a later paragraph. 


1J. J. Fingland: Trans. Amer. Electrochem. Soc. (1930) 57. 
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Bullion.—A representative analysis of Tadanac lead bullion is as 
follows: Au, 0.423 oz. per ton; Ag, 49.9 oz. per ton; Cu, 0.035 per cent; 
Pb, 98.77; Sb, 0.63; As, 0.31; Sn, 0.038; Bi, 0.02. 

The bullion is sampled and cast into anodes by the smelting depart- 
ment. The anodes are transported to the refinery in specially designed 
cars, which permit unloading directly to the electrolytic cells. The 
weight of the anodes is varied to conform with the required life in the cells 
and to a lesser degree to the efficiency being obtained. Present practice 
demands a weight of 8600 to 8800 lb. for a tank of 24 anodes. The 
submerged dimensions of an anode are 30.125 by 26.25 inches. 
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Starting Sheets.—Starting sheets are cast from refined lead by ladling 
the molten metal (temp., 750° C.) into a steel trough, from which it is 
spilled over a machined, cast-iron plate measuring 39 by 26.75 in. by 
approximately 1 in. thick. The sheets are trimmed with a knife before 
removal from the plate. They are stacked on platforms for removal to 
the sheet-hanging tables. (The submerged area of a sheet is approxi- 
mately 31.55 by 26.75 in.) 

The starting sheets are straightened on a table and then are hung on 
1 by }4-in. copper bars. The contact is made by wrapping one end of the 
sheet 114 turns around the bar. The bars have a 90° twist 3 in. from each 
end to provide for maximum contact with the bus bars. They are also 
offset at both ends to prevent the unwrapping of the sheet. The bars are 
cleaned by dipping in dilute sulphuric acid, drying and polishing with 
emery cloth. 
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The bus-bar current for present operations is 5200 amp. ‘The current 
density per square foot is 18.5 amp. The initial voltage across a newly 
set cell is 0.35 to 0.40 volts. This voltage drop increases gradually until 
it reaches 0.65 to 0.70 volts on the final day of electrolysis. 

Cell-changing Operations.—Present operations are on the basis of a 
six-day anode, a three-day cathode and six-day slimes. After electrolysis 
for three days, the cathodes are removed from the cells, washed to remove 
entrained acid and slime, and delivered to the melting pots. Bus-bar 
contacts having been sponged with electrolyte and polished with emery 
cloth, new settings of starting sheets are installed. After a second three- 
day period of electrolysis, the cathodes are removed, washed and sent 
to the melting pots. The residual anodes are taken to scrap-washing 
machines, where the slime is removed, and then transported to the scrap- 
melting pots. The bus bars having been thoroughly cleaned with electro- 
lyte and emery cloth, new anodes and starting sheets are charged. 
When special grades of lead are required the slime is removed from the 
anodes at the end of three days electrolysis. Every 24 days the cells are 
completely emptied for slimes removal and inspection. ‘The electrolyte, 
to within 6 in. of the bottom, is siphoned to the aprons beneath the cells. 
The remainder of the electrolyte, plus slime that has fallen from the 
anodes, is removed by buckets to special cars and hauled to the filters. 
After cleaning, the cells are inspected for flaws in the asphalt. 

All cell-changing operations are carried out by contract labor. 

Tank Testing.—Contract labor being employed in the cell-changing 
operations for the purpose of reducing the cut-out time to a minimum, 
only nominal care is required from the operators. Six special tank testers 
or electrode setters are employed to immediately follow up the contractors 
and provide for the proper spacing of the anodes and cathodes. In 
addition, groups of six men per shift carry out routine inspection of 
all cells. 

Melting and Casting.— Melting and casting of the refined lead are done 
in the building that contains the electrolytic cells, so that direct crane 
delivery of the cathodes to the melting pots is possible. Before August, 
1935, 60-ton cast-steel kettles, hand-fired, were used entirely. Since that 
time a 235-ton welded-plate kettle, fired with pulverized coal, has been in 
service. Additional similar installations will ultimately replace the 
smaller units. 

After melting, the cathode lead is heated to 950° F. and blown with 
air to remove small percentages of tin, arsenic and antimony. Depending 
on the purity of the cathodes, 20 to 60 min. is required for this operation, 
the end point of which is determined by the characteristic blue colors of 
the lead fountain. The melting and refining drosses are then circulated 
through the hot metal to liquate entrained metallics, by means of a 
centrifugal mixer. The drosses, amounting to 2.5 per cent of the charge, 
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are removed by a perforated skimmer. The metal is then allowed to 
cool to about 780° F. for casting. 

The refined lead is cast by pumping directly to molds set on a motor- 
driven wheel 20 ft. in diameter. This has a center shaft and under- 
braced frame. The slip bearing is below the floor and the top bearing 
and drive are carried on a frame about 3 ft. above the floor. This 
arrangement does not interfere with crane service and also makes a more 
stable wheel. The molds are cantilevered from the center shaft. Cooling 
is accomplished by sprays on the bottoms of the molds. A water seal 
protects the workmen from steam. A mechanical pig lifter and loader is 


Fig. 3.—CASsTING STARTING SHEETS. 


not used. The lead pigs are loaded by hand to specially designed dump 
cars, Which are operated on 18-in. gauge tracks that pass over two sets of 
scales to the loading platforms. A spare wheel of similar construction is 
available for service. 

Washing Anode Scrap.—The residual anodes with the adhering slime 
sponge are delivered to racks situated under 14-ton monorail cranes 
serving the scrap-washing machines. These washing machines consist 
of motor-driven circular fiber brushes, mounted on shafts that are in turn 
carried by Monel side frames equipped with brass bearings and Monel 
tie rods. The power for the brushes is applied through sprocket-chain 
drives. Brush adjustment is obtained by means of eccentric bearings. 
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The brush units are mounted on concrete, asphalt-lined, collector tanks, 
the center line of the brushes being on the same level as the tank overflows. 

The slime sponge is removed by lowering the anode scrap between 
the brushes and withdrawing against the brush rotation, the collector 
tank having been previously filled with electrolyte or filter solution. 
Overflow from this tank goes to a slimes pump tank. The cleaned scrap 
anodes are stacked for removal to scrap-anode melting pots. 

The scrap-anode bullion is melted in 60-ton kettles adjacent to the 
refined-lead melting plant. It is then recast into anodes on a wheel of 
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design similar to that of the lead-casting wheel. This wheel has 16 molds 
with stationary pans, to which are hinged the head pieces or lug-forming 
portions of the mold. The anodes are removed from the wheel by a 
14-ton monorail crane and set in racks ready for recharging to the cells. 

Slimes Washing. —The filtration of the slimes sponge is accomplished 
in cylindrical concrete tanks with standard asphalt linings. A false 
bottom covered with cocoa matting and 4-oz. duck supplies the filtering 
medium. Vacuum is applied to the bottom of this filter through a copper 
connection bolted and asphalted in place. Duplicate vacuum receivers 
are interconnected, permitting the withdrawal of filter solution without 
interrupting the filtration process. A 6-in. Nash Hytor pump supplies 
the vacuum. i 

In the washing process the mother liquor is first drawn off until the 
residual cake shows signs of cracking. Successive water washes are then 
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added until the effluent solutions are reduced to 0° Bé. The cake is then 
allowed to crack, and is successively tamped and cracked until the 
entrained water is reduced to a minimum. The usual moisture content 
varies between 66 and 70 per cent. The washed slime is loaded into 
special cars and transported to the silver refinery by crane. 

At present a 48-in. perforated basket-type centrifuge is under test for 
washing slime. To date this machine has handled more than 2}4 tons 
of slime (dry weight) in 24 hr., with a final moisture content of 45 per 
cent. The wash water required is only 25 per cent of that required by 


Fie. 5.—CrLL ROOM WITH LEAD-CASTING WHEEL IN FOREGROUND. 


the vacuum filters. A centrifugal plant to handle the total slimes 
production is under consideration. 


Basis of Operation at Trail 


The operation of an electrolytic lead refinery on a six-day anode, 
three-day cathode basis, with the attending high labor cost over an eight 
or ten-day anode cycle, may appear out of line to readers familiar with the 
process. A consideration of the problem as it affects this plant will 
explain the reasons for its choice. 

In the electrolytic refining of lead bullion, it is imperative to have 
present in the bullion impurities that will produce a slime sponge having 
physical properties that will permit its adherence to the residual anode. 
Failing this condition, the slime will slide from the anode face and become 
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entrained in the cathode deposit. Antimony is the chief impurity 
required to obtain the necessary condition, the amount required depend- 
ing in part on the current density used. In former operations, when a 
deficiency of antimony occurred, it was customary to return reject prod- 
ucts high in antimony from the silver-recovery plant to the lead blast 
furnaces. Present practice, utilizing more anode-casting and cell-chang- 
ing labor and a shorter anode life, has made possible the production of 
market lead without any control of the antimony content. 

Operations prior to 1934, utilizing an eight-day anode and four-day 
cathode and allowing the slimes to remain on the anode during the full 
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Fic. 6.—CELL ROOM WITH SCRAP-WASHING MACHINE IN FOREGROUND. 


period of electrolysis, had proved that 0.75 per cent antimony was required 
for good working conditions. Current densities used ranged between 
16 and 17 amp. per sq. foot. 

Late in 1933 the practice of washing the slime from the anodes at the 
end of the fourth day was inaugurated. Immediate improvement in the 
grade of the cathode deposit was noted. As similar results had been 
obtained for some years when operating part of the plant on a six-day 
anode basis for the production of special grades of lead, it was decided to 
investigate the possibilities of a six-day anode at increased current 
densities. The results have been most satisfactory. An improved grade 
of cathode has been obtained with current densities up to 18.5 amp. per 
sq. ft., which is the limit of the present available power supply. An 
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improvement in the current efficiency of 5 to 7 per cent has also resulted. 
Tests run in experimental cells of plant size have shown that the upper 
limits for current densities in electrolytic lead refining have by no means 
been reached. 

Mention has been made of the fact that the voltage drop across a 
cell increases from 0.35 volts to 0.7 volts during the period of electrolysis. 
The current density, composition and temperature of the electrolyte and 
the condition of the contacts are the controlling factors of the initial 
voltage, of course. These factors, however, do not vary to any appreci- 
able extent from the start to the finish of the period of electrolysis. It is 
to the face of the anode we must look for the change in conditions resulting 
in this gradually increasing resistance. Here, as electrolysis proceeds, 
we are steadily substituting a layer of slime comprising in part the 
impurities originally contained in the bullion. This slimes layer, by 
weight, is only 1.5 to 1.75 per cent of the bullion in which it was originally 
contained but has practically the same volume. We can see, therefore, 
that the slimes layer is, in fact, a metallic sponge through the interstitial 
spaces of which the electrolytically dissolved lead must pass to the 
electrolyte and thence to the cathode. It has been proved that the free 
acid content of the solution within these interstices becomes less as the 
slimes layer increases. Conversely, the lead fluosilicate content increases. 
We have thus obtained a layer relatively high in resistance to the passage 
of the current. When electrolysis is allowed to continue for a sufficient 
length of time, the voltage drop across the cell will reach a point at which 
the outer face of the slimes layer will commence to dissolve. Under these 
conditions antimony, arsenic, tin if present, and bismuth to a lesser 
degree, will be dissolved and plated on the cathode. Under these 
conditions also the outer layer of slime will disintegrate, thus permitting 
silver and additional quantities of the metals mentioned to be mechani- 
cally transferred to the cathode. 

The accumulative resistance of the slimes layer has been discussed at 
length. Other resistances incidental to lead electrolysis, with the 
exception of electrolyte resistance, are parallel to those found in the 
electrolytic refining of copper, and need not be discussed at length here. 
A representative analysis of the electrolyte with regard to the free and 
combined acid has been given. Considerable latitude in these con- 
stituents is permissible. It is also true that metallic impurities common 
to the process are not seriously accumulative. The decomposition 
products of gelatinous addition agents, however, have accumulative 
effects, which, if not controlled, may have considerable adverse effect on 
the conductivity of the electrolyte. 

At Tadanac a high grade of glue has been used for years as an addition 
agent. Additions have been made at the approximate rate of 114 lb. 
of glue per short ton of lead produced. A considerable portion of this glue 
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is ultimately decomposed to amino acetic acids, which have no outlet from 
the system. High mechanical acid losses incidental to pioneer operations 
at Tadanac provided this outlet. Later, dilution of the electrolyte 
accompanying plant expansion offset any accumulation. More recently 
it has been necessary to withdraw a portion of the electrolyte from the 
system. The electrolyte withdrawn is treated with sulphuric acid to 
remove the lead and then shipped to an acid-recovery plant. About 
75 per cent of the contained acid is recovered. More recently Goulac 
has been substituted, in part, for glue as an addition agent. The absence 
of nitrogen from this product may eliminate or at least reduce the neces- 
sity for electrolyte purification in future operations. 


SILVER REFINERY 


The silver-refinery process may be briefly described as a furnace 
operation in which the slime is first melted to a metal, from which the 
base metals contained are successively eliminated by oxidation. The 
resulting doré metal is parted by the sulphuric acid process. The parted 
gold is melted and shipped to the mint without further refining. A blue- 
stone plant recovers the copper used in the process and a bismuth-recovery 
plant is operated intermittently for the elimination of bismuth. 

The furnace department consists of eight furnaces of conventional 
design. About 10 to 12 per cent slag is formed in the melting operation. 
This slag receives a reducing treatment for the recovery of the contained 
precious metals and is then shipped to the lead blast-furnace department. 
The metal recovered from the slag is treated with the metal from the 
primary slimes melt. 

While some arsenic and antimony are oxidized and pass off as fume 
in the melting operation, the bulk of these metals is fumed off in a “burn- 
ing down”’ step. Pulverized coal is used as fuel in the melting and burn- 
ing down furnaces. A Cottrell plant is the dust-collecting medium. 
The flue dusts do not receive any further treatment and are placed on 
a stock dump. 

The residual metal from the burning down step is further refined in a 
coke-fired furnace. This metal still contains about 12 per cent antimony. 
A lead antimonite slag is first removed. As refining proceeds the 
litharges formed contain increasing amounts of copper and bismuth. 
When necessary, niter is used for the final refining of a doré charge. 
The slags from the doré furnaces are wholly or in part re-treated for the 
recovery of bismuth. A Jead-bismuth metal carrying 20 to 25 per cent 
bismuth is recovered and the residual slag is returned to the smelter. 

Bismuth Recovery.—The lead-bismuth metal is first drossed for the 
separation of copper. The contained precious metals are removed by the 
Parkes process. Pattinsonization of the desilverized metal results in a 
lead-bismuth metal relatively free from impurities. This metal in turn 
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is electrolytically refined by the Betts process. The resulting slime is 
melted and refined to market bismuth of a high degree of purity. 


Reparr Work 


The refinery department maintains a repair shop and crew for 
routine plant repairs. Repairs of major proportions are made by the 
main mechanical departments, which service all divisions of the Tada- 
nac operations. 


The Betts Process at Oroya, Peru, S. A. 


By T. E. Harper, Jr.,* Member A.I.M.E., anp GustavE REINBERGT 


Execrrotytic refining of all lead bullion produced at the Oroya 
smelter of the Cerro de Pasco Copper Corporation has been adopted as 
standard practice. A pilot refinery with a capacity of 25 metric tons daily 
has been in operation since June, 1934, and a new refining unit having an 
initial capacity of 100 tons per day is under construction. This program 
has been made possible by certain modifications of the usual Betts 
refining process!, developed at Oroya, which have the effect of making the 
purity of the lead produced, and the acid loss incurred in operating the 
process, entirely independent of the amount of impurities in the original 
bullion. ‘The modified process, as developed and at present used, treats 
impure bullion direct, without presoftening or other prerefining step, 
except that if the bullion carries tin it is desirable to detin before casting 
into anodes, since tin carries over to some extent to the cathodes. 

The refining process developed differs from usual Betts practice in two 
essential particulars: the anodes are cast thinner and replaced at more 
frequent intervals, and anode slimes are washed by a system of counter- 
current dipping, prior to their removal from the surface of the anode 
scrap. Limiting the period of anode corrosion insures a cathode of high 
purity, since solution of impurities at the anode can occur only if the 
thickness of the anode slime blanket, and hence the voltage drop across it, 
becomes greater than a certain critical value. The dip washing system 
operates to prevent acid losses, by recovering the highly concentrated, 
nearly neutral lead fluosilicate solution present in the pores of the slime 
blanket on the corroded anode, and doing this in such a way that there is 
no opportunity for chemical decomposition to occur. The best illustra- 
tion of the efficacy of these two expedients may be secured from records 
of more than a year’s operation of the 25-ton pilot plant, during which 
period the acid losses were less than 2 Ib. of 100 per cent hydrofluosilic 
acid (H.Sil’s) per ton of lead produced, and typical assays of bullion and 
refined lead were as shown in Table 1. 


Manuscript received at the office of the Institute Sept. 8, 1936. 
* Director of Research, Cerro de Pasco Copper Corporation, Oroya, Peru. 
+ Research Engineer, Cerro de Pasco Copper Corporation. 
1See U. 8. Patent No. 1913985; Mexican Patent No. 33532, issued Oct. 7, 1932; 
Canadian Patent No. 341290, issued May 1, 1934. 
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TaBLE 1.—Typical Assays during Operation of Pilot Plant 


Assays, Per Cent 


Pb Cu As Sb Bi Ag 
Bullion treated.......... 90.1 | 0.12 ge, 3.3 | 4.4 0.14 
(40.7 oz. per ton) 
Lead produced........../99.998/0.0001|0.00005/0. 0004/0. 0005 0.000008 
(0.002 oz. per ton) 
DLMES = oc asicow ce ernie 19-20) 0.8 12-13 | 23-24) 30-31] 280 oz. per ton 


In extensive test work, anodes containing 80 per cent lead or less have 
been refined by shortening the anode-corrosion period appropriately, 
with no increase in cathode impurities or acid losses over those given above. 


ANODE CORROSION 


Inasmuch as the amount of corrosion is the vital feature in the question 
of cathode purity, it will be interesting to examine the mechanism of its 
effects in some detail. It is a fundamental characteristic of electrolytic 
lead refining that practically all of the impurities commonly associated 
with lead bullions are more ‘‘noble” than lead, and therefore remain 
undissolved at the anode during electrolysis. If present in sufficient 
quantity, such impurities remain attached to the anode in the form of an 
adherent slime layer or blanket, which retains the original physical shape 
of the anode. In fact, the first requisite for the production of a pure 
cathode is to have enough impurity in the anode to furnish a thoroughly 
adherent slime, from which no particles will float off in the electrolyte 
and thus become entangled with the cathode deposit. Incidentally, the 
presence of adequate impurities to prevent the danger of mechanical 
transfer of slimes to the cathode will also permit application of the 
countercurrent dip washing to be described later. 

As corrosion of an anode proceeds, the electrolytic current must be 
carried by the solution in the pores of the slime blanket remaining on the 
face of the anode. This gives rise to an ohmic voltage drop across the 
blanket, which increases as the thickness of the blanket increases, and, 
for any given thickness, increases with increasing impurity concentration, 
because of decreased porosity. If this voltage drop attains a value equal 
to or greater than the difference between the solution potentials of an 
impurity present in the blanket and that of lead, such impurity will be 
dissolved and transferred electrolytically to the cathode. The voltage 
drop across the anode slime blanket naturally produces a corresponding 
rise in the total voltage across the cell during the life of the anode, and if 
this voltage rise is kept below its critical value, which for practical pur- 
poses may be taken at 0.2 to 0.3 volt, equivalent to an over-all cell 
voltage of 0.50 to 0.60 volt under our conditions, and if the slime blanket 
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is sufficiently adherent, pure cathodes will be obtained irrespective of the 
composition of the anode. 

There are two ways in which the voltage drop across the anode slime 
layer may be limited; adjustment of the current density, and adjustment 
of the total thickness attained by the slime layer—i.e., the life of the anode. 
In our work, a current density of 14 to 15 amp. per square foot of anode 
surface was adopted, and at this density the following approximate limits 
of anode-corrosion period were established: (1) for bullions containing 
over 90 per cent lead, four-day anodes; (2) for bullions containing between 
80 and 90 per cent lead, two-day anodes; (3) for bullions containing less 
than 80 per cent lead, one-day anodes or less; all anodes are scrapped at 
the end of the corrosion period. The third period, of course, is one that 
would scarcely occur in practice, but was investigated to some extent 
experimentally, to demonstrate that pure cathodes could be obtained from 
anodes containing as little as 50 per cent lead. 

Thanks to the ease with which lead bullion may be melted and cast, 
these reductions in anode life do not lead to exorbitant increases in oper- 
ating costs, although anode scrap amounts to about 40 per cent with four- 
day anodes. With a plant properly designed to meet the conditions, the 
use of four-day anodes should show only a slight difference from conven- 
tional eight-day practice, and extends the applicability of the process 
from bullions with 97 per cent lead or more to bullions containing 90 per 
cent lead or more, in addition to producing a higher grade of refined lead. 
For the special types of bullion that require it, the use of two-day anodes 
would not under normal conditions be unduly expensive, as compared 
with alternative methods of treating such material. Of course, in the 
last analysis, the question of applicability is entirely dependent upon local 
conditions; we merely wish to emphasize that the solution found for the 
technical problem is not incompatible with economic requirements. 


Actp Loss AND Die WASHING 


With the production of cathodes of high purity, the metallurgical 
requirements of the process as applied to low-grade bullion had been met. 
The attainment of a low acid loss, however, particularly at Oroya, is a 
vital economic requirement of the Betts process, and it was here that 
attempts to treat low-grade bullion had encountered the greatest difficulty 
in the past. A roughly quantitative relationship between acid losses and 
grade of bullion treated was, in fact, assumed. The justification for this 
assumption is a little doubtful. It was, nevertheless, true that it had been 
found difficult to keep acid losses within reasonable limits at best, and 
impossible with low-grade anodes. 

A potential source of relatively enormous acid loss is inherent in the 
process, since the pores of the anode slime blanket become filled with 
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a highly concentrated solution of neutral lead fluosilicate as corrosion 
proceeds. Limiting the life of the anodes to four days or less helps this 
situation by reducing the maximum thickness of the blanket and the final 
concentration reached in the pores; also, the absence of electrolytic solu- 
tion of impurities by overcorrosion avoids the possibility of loss through 
the formation of insoluble compounds such as antimony fluosilicate. The 
problem then resolved itself into recovery of the solutions remaining in 
the slime pores at the conclusion of electrolysis. 

If the slimes are removed from the anode scrap before they are washed, 
as is the usual practice, it is very difficult to avoid mechanical losses, and 
there is some evidence that insoluble fluosilicate compounds may be 
formed spontaneously in the slimes under certain conditions. Also, 
when the slimes are washed in tanks and filter-pressed, dilute wash 
liquors are usually produced, which must be evaporated, and this oper- 
ation may give rise to decomposition losses, in addition to being a nuisance. 
Since the slimes produced from low-grade bullion are naturally very 
adherent, an ideal solution of all these difficulties was found in a system of 
countercurrent dip washing. This consists merely of passing the cor- 
roded anodes, immediately after removal from the cells and with their 
slime blankets still attached, through a series of dip tanks in which they 
meet a small flow of wash water traveling in the opposite direction. 
This removes the strong liquor in the pores by diffusion, and since the 
flow of wash water is adjusted to balance the volume removed from the 
circuit in the pores plus normal evaporation from the cells, there are no 
weak wash liquors to be concentrated. A series of four dip tanks serves 
to reduce the soluble fluosilicate in the pores to about one pound per ton 
of lead produced. All other losses, including insoluble fluosilicate com- 
pounds in the slimes, loss on cathodes, etc., amount to less than one 
pound, so that the pilot plant has operated for a prolonged period with an 
over-all loss of under 2 lb. per ton of refined lead. Loss by actual decom- 
position in the cells is evidently negligibly small, if it occurs at all under 
these conditions, 


DEVELOPMENT 


In all respects other than the foregoing, the refinery is operated sub- 
stantially identically with standard Betts plant practice. Provision has 
been made, of course, for casting accurately the thin anodes required, and 
for handling them expeditiously, and a few other mechanical refinements 
have been developed. The standard lead fluosilicate-hydrofluosilicic acid 
electrolyte is employed, and has been found to operate satisfactorily over 
a wide range of concentrations. The total hydrofluosilicic acid concentra- 
tion is normally kept between 100 and 150 grams per liter, with lead 
between 60 and 100 grams per liter, equivalent to 60 to 80 grams of free 
acid per liter. The lead concentration in the electrolyte tends to build up 
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slowly during operation, the excess being removed periodically in a strip- 
ping cell equipped with insoluble (graphite) anodes. 

The initial laboratory experiments were made in small glass battery 
jars, containing a single anode 6 in. square. Semiplant-scale work was 
then conducted for an extended period, at first with 400-amp. cells, and 
later with two commercial-size tanks using 4000 amp. The results 
obtained throughout this work were entirely confirmatory of the original 
deductions; in fact, the purity of the lead produced has tended to increase, 
and acid losses have tended to decrease, with the increasing scale 
of operations. 


PRESENT PILOT PLANT 


The present pilot plant is a complete commercial unit with a daily 
capacity of 25 tons of refined lead. The kettle house is of steel construc- 
tion and houses four 70-ton oil-fired kettles, two of which are employed 
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Fic. 1.—CoprpERPLATED STEEL CATHODE BAR. 


for melting bullion and two for the melting of cathodes. Anodes and 
refined bars are cast on mechanical casting wheels of similar construction, 
the bullion wheel having 12 molds for 26 by 36-in. anodes, and the refined- 
lead wheel 12 five-gang molds for 100-lb. bars. Electrodes are trans- 
ported between the kettle house and the tank house in narrow-gauge cars 
operated by storage-battery locomotives. 

The tank house is a brick building containing 64 electrolytic cells and 
16 anode wash tanks. There are 24 anodes and 25 cathodes in each cell, 
the normal circuit current being 4700 amp. Power is received from the 
smelter substation at 2200 volts, three-phase, 60 cycles a.c. and is con- 
verted to direct current by a synchronous motor-generator set with 
a rated output of 5000 amp. at 30 volts. The cells and wash tanks, 
constructed of concrete and lined with Trinidad asphalt, are 8 ft. 10 in. 
long, 2 ft. 7 in. wide, and 3 ft. 10 in. deep inside. Electrolyte is circulated 
through a hard-rubber piping system by means of rubber-lined centrifugal 
pumps. The average temperature of the electrolyte is 37° C. and the 
flow is about 3 gal. per minute per cell. The tanks are arranged according 
to the Walker system, and are serviced by electric monorail hoists of 
3 tons capacity. Only one cell at a time is short-circuited for the purpose 
of changing electrodes, and as this operation requires but a few minutes, 
practically full production is maintained at all times. Experience has 
shown that the accumulation of detached slimes in the cells is so slight 
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that the tanks would not require draining for cleaning purposes over a 
period of at least five years. A departure from standard practice occurs 
in connection with the cathodes. The starting sheets, 27 by 37 in. 
immersed, are cast upon an inclined table in the usual way, but the sup- 
porting rods are made of copperplated steel, and are formed with a dove- 
tail slot into which the sheet is integrally cast (Fig. 1). Shallow rounded 
grooves in the starting-sheet table form ridges in the starting sheets, 
which give additional stiffness to the sheets. The finished cathodes 
are dropped into the melting kettle from a crane, and the cross rods sub- 
sequently are skimmed from the surface of the melted lead. This proce- 
dure eliminates the labor incident to wrapping or otherwise attaching the 
starting sheet to the bar, makes a somewhat stiffer sheet, and affords a 
better electrical contact with the cross bar than is usually obtained. 

The pilot plant is being kept in operation pending completion of the 
new 100-ton refinery, which is expected to begin operation early in 1937. 
No difficulties of serious moment have been encountered in operating the 
pilot plant, in spite of the fact that only native labor, totally inexperienced 
in this class of work, was available when work in the plant was started. 


Electrolytic Solder 


By R. P. E. Hermsporr* anp Max Heperuein,} Members A.I.M.E. 
(New York Meeting, February, 1936) 


Tue electrolytic refining of metals for the removal of undesirable 
impurities has become a recognized necessity in the nonferrous field. 
Copper, lead, zinc, nickel, silver and gold have been produced in this 
manner for years. The United States Metals Refining Co., realizing 
that considerable quantities of lead and tin could be made available to 
the trade if a satisfactory method of purification of these metals could 
be established, decided to investigate the possibilities of electrolytic solder. 

In cooperation with Dr. Edward F. Kern, of the School of Mines at 
Columbia University, the company developed a process of electrolytic 
refining of lead-tin alloys using a tin-lead fluosilicate electrolyte. A 
pilot plant was installed in November 1927, and the commercial unit was 
put in October 1929. Since that time thousands of tons of electrolytic 
solder have been produced in this plant and consumed by all branches 
of industry that use solder. 


OLDER MertuHops oF PRoDUCING SOLDER 


In the early days practically all solder was made by melting together 
virgin lead and tin in the proper proportions to meet specifications; then 
the solder was cast into the commercial shapes required. Today the 
base of most solders comes from scrap or secondary materials. Ordi- 
narily solder is produced from secondary materials either by sweating 
solder-bearing scrap or by smelting lead and tin-bearing drosses, residues 
and similar materials. When solder is produced from scrap by sweating, 
clear solder is collected directly. It is then given some kind of kettle 
refining and usually blended to specification with virgin metals before 
it is cast into finished shapes. In producing solder from drosses and 
residues, the materials are usually first given a reducing smelting treat- 
ment from which a crude solder is obtained. This crude solder may 
be refined in several ways. but usually the first step is a furnace liqua- 
tion to remove the bulk of the copper, which is followed by one of 
the more or less complicated methods for the removal of antimony and 
other impurities. 


Manuscript received at the office of the Institute Dec. 2, 1935. 
* Production Superintendent, U. 8S. Metals Refining Co., Carteret, N. J. 
+ Director of Research, U.S. Metals Refining Co. 
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These refining methods usually remove only the base metals, such as 
copper, zinc, arsenic and antimony, and have no effect on gold and silver, 
but since the precious metals are found in a large portion of the tin-lead 
material available, it is necessary to consider their presence in refining 
solders from these sources. In the old method of refining, the separation 
of precious metals from solder was not economically feasible, whereas in 
electrolytic refining the separation is readily accomplished. 


ELECTROLYTIC PROCESS 


Advantages.—In comparison with the usual furnace and kettle 
methods of refining, the electrolytic process stands out as a marked 
improvement in the art of producing high-grade solder. The outstanding 
advantage of the electrolytic process is the possibility of removing in 
one operation both the base impurities and precious metals to an extent 
almost impossible to reach by ordinary methods. 

Impure Solder.—Starting with the crude tin and lead-bearing mate- 
rials, the first step in the operation is the production by smelting of an 
impure solder containing impurities varying in amount according to the 
materials treated. A blast furnace, reverberatory or electric furnace 
may be used for this purpose. 

A thorough investigation revealed the fact that the majority of 
impurities in the crude alloy are present in the form of intermetallic com- 
pounds such as Cu.Sn, Cu;Sb, CusAs, SnSb, SnAs, FesSn, FeSno, 
FeSbe, FesSbe, Fe;As2, and many others. The presence of the inter- 
metallic compounds explains the peculiar behavior of some impurities 
during the electrolytic refining process. Such impurities, which, accord- 
ing to their relative position in the electromotive series, would be expected 
to deposit with the lead and tin on the cathode, or go into solution, 
actually enter the anode residue with the less electropositive metals. 

Preliminary Treatment.—The preliminary treatment of the impure 
solder before electrolysis consists of a liquation to remove most of the 
copper followed by the well-known method of decopperization by stirring 
sulphur into the cool liquid metal. The copper content isthus, ordinarily, 
reduced to below 0.5 per cent. If impurities such as antimony and 
arsenic are present in amounts too high for smooth electrolytic operation, 
other treatments may be resorted to for their partial removal before 
casting into anodes. Metals standing higher than lead and tin in the 
electromotive series do not occur ordinarily in appreciable quantities, 

The preliminary treatment is determined by the amount and nature 
of the impurities present. Its object is to reduce the total content of 
undesirable impurities to as low an amount as is practically economical 
before electrolysis, and at the same time to produce a residual anode 
slime that will adhere to the anode without producing passive anodes, 
and one that will not because of its dense, tough characteristics, become 
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difficult to remove from the anode scrap. Slimes that do not adhere to 
the anode either drop to the bottom of the tank or float in the elec- 
trolyte, depending somewhat upon their composition and relative 
amount. A floating slime is to be avoided because an impure deposit of 
solder will result. 

Permissible Analyses.—Regarding the total amount of impurities 
permissible for economic electrolytic treatment, anodes with the follow- 
ing typical analysis have been electrolyzed without difficulty: 76.9 per 
cent Pb, 13.72 Sn, 7.75 Sb, 1.1 Cu, 0.1 As, nil Fe. The cathode deposit 
obtained in this run formed bright, smooth and dense. The residual 
slimes produced from the anodes contained, in addition to the impurities, 


Fic. 1.—ANODE CASTING WHEEL, SHOWING POURING LADLE, PUMP AND KETTLE IN 
BACKGROUND. 


a considerable amount of tin in the form of stannides of these impurities, 
and also a small amount of lead. This demonstrated clearly the metal- 
loidic character of tin, and the strictly metallic chemical behavior of lead, 
which obviously does not form intermetallic compounds with the other 
metals present. An attempt to electrolyze anodes containing 65.7 per 
cent Pb, 14.36 Sn, 9.5 Sb, 8.57 Cu, 0.48 As, 0.73 Fe resulted in failure, 
inasmuch as the anodes became passive, and were completely insoluble 
after several hours. Obviously, almost the total tin present formed 
intermetallic compounds with the impurities, thus rendering the anodes 
inert. The metal was actually not an alloy but rather a fused mass of 
chemical compounds with metallic lead as a binder. These two test 
runs indicate clearly that the electrolytic operations become less practical 
with increasing amounts of impurities in the anode metal. The eco- 
nomical limit was found to be approximately 10 per cent total impurities. 
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Anodes.—After the preliminary treatment, the metal is ready to be 
cast into anodes, which is done by pumping the metal from a 30-ton 
kettle into a wide-spouted casting ladle. This ladle is mounted as one 
self-contained unit with a small casting wheel carrying 12 anode molds 
(Fig. 1). In principle, this complete installation resembles the anode- 
casting arrangement of a copper refinery. It is possible to cast 30 anodes 
per hour, a casting capacity of 5 to 6 tons per hour. The cast anodes are 
36 in. long, 24 in. wide and 1}4 in. thick and weigh between 350 and 
400 lb., depending somewhat on the ratio of tin and lead content. 

During the years that the plant has been operating, anodes within 
the ranges shown in Table 1 have been commercially electrolyzed. How- 


TaBLE 1.—Composition of Anodes 


Occasional Analysis 
cE a Usual 


Analysis 
Low High 

Ph; percents antec rsiaaeterieye 49.64 83.42 62 
Sn, perccentisecnienine otra ere 13.86 47.84 35 
Sb, peracettce tars piyanec seta 0.18 8.05 2 
AS, PCVECODtE cern tots is cis gttets Er 3.25 0.25 
Cu, per cent...... lbs te eee Tr 3.75 0.05 
Au, OZF Per Conte easarinies sere Tr 0.20 0.05 
Ag, OZ. per-tonhin. sevice cs cies a 2.3 145.2 30 


ever, by blending several lots of crude solder, the analysis is usually kept 
at about the composition given in the last column of Table 1. 

Cathodes.—At present, cathode starting sheets are made by the 
apparatus devised by J. F. Miller, Trail, B. C., by pouring molten, elec- 
trolytically refined solder from a trough over an inclined polished steel 
plate having the exact dimensions and shape desired (Fig. 2). The two 
extended hangers on the cast sheet are turned back over a copper rod 
and spot-welded to the main sheet by means of hot soldering irons. The 
cathode sheet is 38 in. long and 26 in. wide. 

Electrolyte.—The electrolyte consists of a solution of lead fluosilicate, 
tin fluosilicate and free hydrofluosilicic acid. Its composition is main- 
tained between the following limits: Pb, 25 and 35 grams per liter; Sn, 30 
and 45; free H.SikF’s, 60 and 70; total acid, 180 and 150; and specific 
gravity, between 1.18 and 1.20. Originally this electrolyte is prepared 
by dissolving litharge in cold H,SiFs. This operation must be kept at a 
temperature below 80° F., in order to prevent the dissociation of the acid 
with the formation of PbF2 and SiOz. 

This acidified PbSil’s solution is subjected to electrolysis with high-tin 
anodes to build up the tin content to the point desired. The free acid 
content of the electrolyte must be checked periodically, because an 
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insufficient amount of free H.SilF’s causes hydrolization of SnSil’s, pro- 
ducing insoluble basic tin fluosilicate, SnSiF’s.4Sn(OH)s, which precipi- 
tates and drops to the bottom of the tank. Hydrofluosilicic acid is not 
only lost by this hydrolysis, but tin is also removed from the electrolyte. 
With a low free acid content in the electrolyte, a white precipitate 
forms very readily in the tanks, which on one occasion contained: Sn, 
61.96 per cent; SiFs, 16.7; F, 2.83; Pb, nil. During the formation of 
this precipitate, the free acid content of the electrolyte was down to 45 
erams per liter, while the tin content was 53 grams per liter. 

In regular operations, the electrolyte is continuously circulated 
through the electrolytic tanks, entering at the top and leaving at the 
bottom by means of a shield, which carries the solution to an overflow 


Fia. 2.—$TARTING-SHEET PLATE, JUST CAST AND SPOT-WELDED. 


at the top of the tank. The solution flows to a central tank equipped 
with steam coils, where it is heated to 105°F., the temperature maintained 
in the depositing tanks. 

During electrolysis, small amounts of iron, nickel and zine, which 
stand above lead and tin in the electromotive series, are continu- 
ously being dissolved from the anodes, and gradually accumulate in 
the electrolyte in appreciable quantities, replacing an equivalent of tin 
and lead. As the decomposition voltages of these fluosilicates are above 
the operating voltage of the tanks they do not deposit cathodically. 
Circulating the solution through a tank containing solder shot appar- 
ently checks the accumulation of these impurities. This tank is placed 
between the regular depositing tanks and heating tank. Although this” 
practice cannot be explained theoretically, it has been found to be a 
simple method of keeping the electrolyte in good condition. 
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The electrolyte is sampled and tested daily, and free H2Sil’s is added 
as required. If the lead-tin content of the electrolyte becomes too high, 
two liberator tanks, equipped with insoluble carbon anodes, are cut into 
the electrolytic circuit. 

Addition agents are regularly added to the electrolyte, to cause a 
smooth, hard, dense deposit of lead-tin to form, the quantity necessary 
varying with conditions. Glue has been found very satisfactory for 
this purpose. 

Tank Operations.—There are 36 electrolytic depositing tanks, each 
holding 31 anodes and 32 cathodes. The anodes are spaced about 
414 in. center to center, and the cathodes inserted between, as usual. 
Individual electrodes in each tank are connected in multiple, and elec- 
trically the tanks are so arranged that pairs of two are connected in 
series, and these pairs are also connected in series. The tanks are 
made of concrete and lined with a pitch and mastic mixture about 3¢ in. 
thick. The tank dimensions are 11 ft. 6 in. long, 2 ft. 6 in. wide and 
3 ft. 9 in. deep. 

Usually the electrolysis is conducted at 15 amp. per sq. ft. of cathode 
area with an average voltage drop of about 0.34 volts between electrodes. 
The current efficiency under these conditions varies between 90 and 
96 per cent, averaging about 93 per cent over a period of time. The 
amount of solder deposited per tank day varies with the composition 
of the anodes and the kind of impurities present. Owing to the differ- 
ence in the electrochemical equivalents of tin and lead, the higher 
the tin content of the anode with the same impurities, the lower the 
weight of solder deposited with the same consumption of electric energy. 

In regular operations 30 tanks are usually operating, while resi- 
dual slimes are being removed from the other six or electrodes are 
being changed. 

In electrolytic refining, there is a first-run period of five days, after 
which the cathodes are removed, washed and transferred to the melting 
kettle. The anodes are also removed and cleared of adhering slimes, 
because a thick layer of slimes has the effect of a diaphragm and greatly 
increases the voltage drop on the tanks. The anodes are returned to 
the tanks and new cathode starting sheets are inserted. After another 
five-day period of deposition, the cathodes and anodes are removed as 
before, but this time the anodes, after cleaning, are returned to the anode 
kettle to be remelted and cast into new anodes together with unrefined 
metal coming into the cycle for electrolysis. Anode scrap amounts to 
about 25 per cent of the original weight of the anodes. 

In cleaning the residual slimes from the anodes, the latter are placed 
in a tank where slimes are removed by scraping and given a first washing 
with acidified (H,SiF’s) water. The slimes are then filtered and washed 
in a Shriver press, and held for further treatment. The amount of 
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slimes varies with the impurities present, but it may be safely assumed 
that for each per cent of impurities in the anodes, about 2 per cent of 
slimes will be formed. Of course, the analysis of slimes also varies 
with the compositions of the anodes. 

The cathodes, after being washed, are placed in a 60-ton kettle and 
melted. In electrolysis no attempt is made to produce a cathode of 
definite composition, therefore after melting the metal is handled in one 
of two ways, as circumstances dictate at the time. It may be cast 
directly into 60-lb. pigs, sampled, assayed and held as a master lot to be 
used for blending in making up smaller orders; or it may be sampled in the 
kettle and held molten until assays are obtained and then be brought to 
a definite composition with Straits tin or virgin lead, after which it 
may be cast and used for an immediate order or held for future smaller 
orders. In any event, the cathode analysis is not definitely controlled 
but rather allowed to wander with the input of anodes, and then blended 
with virgin tin and/or lead to produce specification solders in such 
commercial shapes as are desired. 


THE SOLDER 


Electrolytic solders have been made containing from 10 to 45 per cent 
tin, and a great number of chemical and spectrographic analyses have 
been made for impurities. A typical spectrographic analysis is: 

Cu, 0.001 per cent; Ag, 0.10 oz. per ton, Bi, 0.003 per cent; Fe, 0.001; 
Ni, 0.0001; insol., 0.0002; Mg, 0.0001; Si, 0.0001; Ca, 0.0001. The 
following were not detected: Zn, Al, P, As, Au, Ba, Cd, Cr, Ga, Ge, Hg, 
Li, Mn, Mo and Na. The antimony content of electrolytic solder aver- 
ages around 0.02 per cent; but since this is lower than many specifica- 
tions it is often necessary to add antimony, to fulfill the specification of 
the purchaser. 

The electrolytic solder produced by the United States Metals Refining 
Co. since 1927 has been sold to the trade for all the purposes for which 
solder is used. From these commercial applications, as well as from 
laboratory tests; it has been found to be very uniform in composition 
and physical characteristics. 

The process used by the United States Metals Refining Co. is pro- 
ected by U.S. Patent 1842028, issued Jan. 19, 1932. 


DISCUSSION 


(Carle R. Hayward presiding) 


H. R. Haney, * Rolla, Mo.—What is the approximate analysis of the anode slime, 
and what percentage of the total tin is found in this slime? 


M. Hepertetn.—This slime contains in the neighborhood of 40 per cent tin. It 
varies between 40 and 45. Copper is 1.5 to 2 per cent, lead about 10 per cent, 
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antimony in the neighborhood of 15 to 18 per cent, arsenic between 3 and 6. Gold 
is up to 214 oz. per ton, and silver is up to 220 or 2500z. As far as the relative amount 
of the tin going into the slimes is concerned, it is not more than about 15 to 20 per 
cent. This is considered high, I have to grant that, but at the most it would be in 
the neighborhood of 15 per cent. 


L. S. Derrz,* Tottenville, N. Y.—It has been stated that approximately a total 
of 10 per cent impurities is an economic limit in the anode. I believe you listed for 
the average anode something like 2 per cent antimony and 50 oz. of silver. If 
it is a fair question, is the precious-metal content of these anodes a vital part of the 
economic picture? 


M. Hepertern.—lIt is a part. It is not the most important question, but it is 
an incidental question. On the other hand, I regret to state that we are not in the 
position to go further into detail regarding the slimes. 


A. Burts,t Bethlehem, Pa.—In depositing alloys, it is the common experience 
that variation in the current density will favor the deposition of either one metal or 
another. I wonder if that is true in this case. 


M. HesEeRLEIN.—It is always true in depositing lead and tin, and we have found 
by maintaining a temperature of slightly above 100° F., and by maintaining the 
analysis, as we mentioned in the paper, that the tin deposit is favored. The more 
valuable metal of the two, which is tin, is favored. 


A. Burts.—By raising the current density? 


M. Hesertein.—No, by maintaining the current density of 15 amp. per square 
foot. a 


A. Burrs.—How about raising the current density? Does more tin come out 
or less? 


M. Hespertern.—We have found very little variation by raising the cur- 
rent density. 


EK. F. Kern, { New York, N. Y.—I have had to do with the electrolytic refining 
of lead from the time that it was first carried out in the laboratory in a beaker. Even 
then, when a lead anode that contained apparently no tin was used, the tin was found 
going over on the lead cathode; in fact, any amount of tin from a trace up to as high 
as 60 per cent dissolved along with the lead, and both were codeposited on the cathode, 
as there is a very small difference in the electrode electromotive force of lead and 
tin in fluosilicate or fluoborate electrolytes—about 0.02 volt. 

In an acid solution of fluosilicate, fluoborate, perchlorate, and complex acids of 
these types, tin and lead will dissolve simultaneously and will codeposit as an alloy 
on the cathode, and the metal impurities that are lower than lead and tin in the elec- 
tromotive series remain in the metallic state as anode residues. 

Yormerly, in the electrolytic refining of lead, when a small amount of tin was 
deposited with the lead cathode, it could be readily removed by steaming or poling, 
the tin being oxidized along with a proportionate amount of lead, producing a lead- 
tin oxide mixture from which solder alloy could be readily produced by first reducing 
a relative part of the lead oxide, using a calculated amount of carbon and afterwards 


* Nassau Smelting and Refining Co. 
{ Assistant Professor of Metallurgy, Lehigh University. 


{ Professor of Nonferrous Metallurgy and Electrometallurgy, School of Mines, 
Columbia University. 


DISCUSSION 297 


reducing the remaining lead oxide and the tin oxide together by the usual reduction 
method of melting, producing as high as 50 per cent lead-tin solder. 

Ordinarily, the lead-tin oxides produced by steaming or poling the molten cathodes 
is very pure tin-lead oxide, and gives a pure solder when reduced. Neither anode 
nor cathode current density has any apparent effect upon the simultaneous dissolving 
of lead-tin anodes and their codeposition on the cathodes. Current density, however, 
does control the physical character of the deposited lead-tin cathode. The most 
satisfactory current densities is from 10 to 15 amp. per square foot of electrode surface. 


M. W. Kresct,* Worcester, N. Y.—In the removing of the copper from the solder, 
is sulphur used? 


M. HeBpeRLEIn.— Yes. 


M. W. Kresct.—Is that not probably the cause of the high tin in the slimes, owing 
to the formation of the stannites, so that it is difficult to get all the sulphur out of 
the solder? 


M. Heperiern.—The final copper is removed by a treatment with sulphur, but 
we have the stannites already present before the sulphur treatment, and the metal 
itself is always cleaned after the sulphur treatment, so that the metal contains prac- 
tically no sulphur. 


K. Denae,t Kearny, N. J.—Is the age-hardening property affected in electro- 
lytically formed metal; either this lead-tin solder or, say, lead-antimony metal—metal 
that still has this intermetallic compound like arsenide of copper? 


M. Heseruern.—I am afraid I cannot answer that question. 


K. Denag.—I ask that because in certain industries, like the storage-battery 
industries, it is possible to cast grids only two or three days ahead. If something 
could be done in this direction as indicated, probably we could keep them for three 
weeks in a bin and from that bin draw what we wanted. 

Here is another thing that joinsin. In the days when we used 7 per cent antimony 
lead, the age-hardening could go on gradually, but owing to the mechanization of the 
grid casting, which now all large companies have accomplished, at least a 9 per cent 
metal must be used, otherwise distortion occurs in the next operation, in pasting, and 
so generally 9 per cent, 10 or even 11 per cent is used. Exide uses 10, 11 and some- 
times 12 per cent Sb, some of the others use 9, and we happen to use 9 per cent. 


M. Heseriern.—I may be able to answer this question indirectly. We have 
conducted experiments along these lines by shipping old and newly refined solder 
with the object of obtaining the reaction of the consumers. The indications are 
that the age has no effect on the workability or quality of the electrolytically pro- 
duced solder. 


C. E. Swarrz,{ Cleveland, Ohio.—The upper limit of tin content in the solder is 
45 per cent. Being interested in very much higher tin content of alloys, and alloys 
that are essentially lead-free—that is, containing much less than 0.25 per cent, 
perhaps of the order of 0.05 per cent, lead, I should like to ask whether any thought 
has been given to the application of this process in refining of alloys containing, say, 
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90 per cent tin or thereabouts, with reference particularly to the removal of iron 
from these alloys. 

Inasmuch as this country is a large user of tin—the largest user in the world, in 
fact—too little attention has been paid to the refining of tin alloys and various kinds 
of tin scrap containing very small amounts of impurities such as iron and lead. 

The processes as carried out in all plants with which I am familiar were extremely 
crude and time-consuming, and very often unsatisfactory, and some such process 
might have application in the refining of these higher tin alloys. 


M. Hesertein.—We were not attempting to make a solder with a higher tin 
content. We were interested in producing a high-grade commercial solder, so this 
problem has never been attacked from that angle. 


E. F. Kern.—The electrolytic refining of tin was formerly carried out by the 
American Smelting & Refining Co. at Maurer, N. J., and quite successfully done. 
Dr. Linville did considerable work on the electrolytic refining of tin, and he probably 
can tell you that tin was produced of a high percentage of purity. Electrolytic refining 
of tin was discontinued because there is really no demand for tin of over 99 per cent 
purity. If there should be a demand for tin of 99.9+ per cent purity it can be pro- 
duced by a similar method, as described by Hermsdorf and Heberlein. 

As far as the fluosilicate and the fluoborate electrolytes are concerned if you carry 
out the refining of tin-lead alloys of any amounts of each metal together, you will 
find that the cathode will contain the two metals in amounts relative to the composi- 
tion of the anodes. There is no difference at all, whether fluosilicate or fluoborate 
electrolyte is used. It happens that fluosilicate is the cheaper electrolyte. 


K. Denece.—How often is it necessary to wash the slime from the anodes? 


M. HeperteIn.—We remove the slimes every five days. There are two five-day 
cycles for each set of anodes. The first cycle is operated with new anodes and at the 
end of this period the anodes are removed for scraping and washing. The cleaned 
anodes are then placed in the tank with new cathode starting sheets for the second 
five-day cycle. At the end of the second five-day cycle the whole tank is thoroughly 
cleaned out. Very little, if any, slime has to be removed from the bottom of the tanks. 


Modern Automatic Baghouses for Collection of 
Lead-furnace Fumes 


By R. L. Hattows* anp B. M. O’Harra,t} MEMBERS A.I.M.E. 


Tre term ‘modern automatic baghouses”’ as used in the title of this 
paper is intended to designate a general type of mechanical fume filter, 
introduced some 20 years ago and gradually improved since that time. 
It is characterized by its small filtering bags, enclosed in groups of 15 to 
30 in steel compartments, and by its frequency of shaking, as compared 
to the old type of baghouse, which uses much larger bags, shaken at much 
longer intervals. Automatic baghouses are produced by a number of 
well-known manufacturers. 

Some recently constructed baghouses of the old type have embodied 
some of the principles of the automatic type, in that they are divided into 
several compartments, with separate fans for the different compartments, 
and flue headers arranged so that when the fan to any one compartment 
is shut down preparatory to shaking the bags in that compartment, the 
bags are put under suction by the draft from the other fans, thus making 
possible more efficient cleaning of the bags. These baghouses have motor- 
driven shaking mechanisms, and generally are operated under higher 
pressure and shaken at more frequent intervals than was the practice 
with the old style baghouse, and consequently have greater filtering 
capacity per unit of bag area. It is possible to interconnect the fan 
motors and the motors driving the bag-shaking mechanism, with suitable 
relays and timing devices, so that the operation of this type of baghouse 
also becomes to a considerable extent automatic. 

These baghouses are intermediate between the old style of baghouses, 
strictly speaking, and the completely automatic baghouses. They may 
be considered just as modern as the latter, and their proponents can no 
doubt cite many advantages for them. The authors are less familiar with 
them than with other types, and the following discussion will be limited 
to a comparison of the automatic baghouses and old style baghouses, with 
particular reference to the experience of The Eagle-Picher Lead Co. and 
The Eagle-Picher Mining and Smelting Company. 


Manuscript received at the office of the Institute Aug. 22, 1936. 
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Oup AND New TyYPsEs 


The old type of baghouse usually contains many hundreds of bags, 
which usually are about 30 ft. long and 18 in. in diameter. These bags are 
hung inside a brick building on pipes or shafting, which are actuated by 
means of cams or eccentrics to shake the bags hung therefrom. The usual 
practice is to shake the bags at intervals 2 to 12 hr. apart. This bagroom 
invariably is on the pressure side of the suction fan, and usually from 1 to 
3 sq. ft. of filtering surface is required for each cubic foot of gas per 
minute that is handled. 

The modern automatic filter takes the dust-laden air, or fume, into 
hoppers below the compartments, over which are thimbles to which 
filtering bags are attached. The fume then travels upward into filter 
bags where the solids are deposited on the inside of the bag and the clean 
gas drawn through the fabric to the outlet manifold and thence through 
the fan to the stack, the baghouse thus being on the suction side of the fan. 

The bags are cleaned usually every few minutes. A timer controls the 
shaking frequency and it can be adjusted to make the shaking interval 
from 2 min. to 1 hr. Compressed air, controlled by the timer, is used for 
the operation of the shaking mechanism, which consists of a piston and 
rod to which the bags are fastened by aring. The air also causes a valve 
to close, which cuts off the compartment to be cleaned from the circuit. 
Immediately, air is introduced from the outside through the filter cloth 
in the reverse direction. One compartment at a time is cleaned. The 
period of shaking or cleaning usually varies between 2 and 10 sec. The 
fume collected drops into the hoppers below the bags and ordinarily is 
removed continuously or at frequent intervals by means of screws or 
similar conveyors. 


ADVANTAGES OF MopERN BaGHOUSE 


Ordinarily, the bags used for filtering are about 8 in. in diameter and 
10 ft. long, made of cloth of finer weave than is used in the old-style larger 
bag. Good practice for the modern baghouse calls for only 1 sq. ft. of 
filter cloth to handle from 3 to 8 cu. ft. of gas per minute. Thus, the 
filtering area in the modern baghouse may be as little as one-tenth of the 
area used in the old type for handling the same volume and dust concentra- 
tion. This feature, perhaps, is the most striking difference between the 
old and the new types and probably is the greatest single advantage of 
the new type. 

Other advantages claimed for the modern automatic baghouse include 
greater cleanliness and consequently less hazard to health, and uniform 
draft conditions due to the frequency of cleaning the bags; whereas in the 
old bagroom the resistance increases as the layer of dust on the bags 
increases in thickness and as a consequence the draft or volume handled 
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decreases. Also, leaks may be repaired in the modern type more con- 
veniently than in the old type, and the danger of fire destroying the whole 
bag hanging or many bags is lessened. 

The Eagle-Picher Lead Co. and its subsidiaries operate both old-type 
and new-type bagrooms, and wherever a modern bagroom is operating 
an old type also is operating, or has operated, for almost exactly similar 
service. ‘Thus some comparisons can be drawn: 

At East St. Louis, the fume from one Newnam ore hearth (Scotch 
hearth) is handled by a modern 10-compartment automatic filter, which 
has a total cloth surface of 4360 sq. ft. At Galena, Kansas, the fume from 
each ore hearth requires one room of the old-fashioned baghouse, contain- 
ing 176 bags having a total of 26,400 sq. ft. of filtering surface. The dust 
load and volumes of gases handled at East St. Louis are comparable to 
those at Galena, so the old-type bagroom has six times as much filtering 
area as the new type for the same service. 

Another comparison may be made on collecting basic lead sulphate 
pigment. Formerly, this product was made at Joplin, Mo., and collected 
in the old-type baghouse containing 540 bags having an area of 81,000 sq. 
ft. of surface. At Galena, this product is made and collected in a modern 
10-compartment automatic filter having 250 bags and 5365 sq. ft. of 
filtering surface. In this instance, some 15 times as much area was 
provided in the old bagroom as is necessary in the new type. 

A third comparison may be made on the collection of fume from blast 
furnaces. Formerly, a blast furnace was operated at Joplin and the fume 
was collected in an old-fashioned bagroom containing 768 bags having a 
filtering surface of 115,200 sq. ft. The fume from a blast furnace now 
operating at Galena under similar conditions is collected in a 24-compart- 
ment modern automatic filter containing 432 bags having a total surface 
of 8250 sq. ft. Here 14 times as much filtering area was provided in the 
old baghouse as in the automatic one. 


Lire AND Cost oF Baas 


In addition to the blast-furnace fume, the baghouse at Galena handles 
the fume from a reverberatory furnace smelting battery scrap. It cannot 
handle the fume from both furnaces at the same time, but the two furnaces 
are operated alternately, thus making possible a comparison of the bag- 
house performance on two different kinds of fume. A much longer life is 
obtained from the bags when the blast furnace operates than when the 
battery-scrap reverberatory operates. This is explained by the high 
sulphur trioxide concentration of the battery-scrap gas, which has a 
marked deteriorating effect on the woolen bags. Ordinarily, the same 
temperature conditions should prevail in the modern automatic bagroom 
as in the old-fashioned one, 210° F. maximum for cotton bags and 250° F’. 
for woolen bags. It is usually the practice in the automatic baghouses to 
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have a damper immediately ahead of the inlet manifold which is auto- 
matically opened and closed by thermostatic control, allowing outside 
air to be introduced for cooling. 

Mohair filter cloth, 24 threads per inch and weighing 12 oz. per sq. yd. 
is used at Galena in the old-type baghouse. Fine, fleecy, white woolen 
cloth, weighing 12 oz. per sq. yd. and having some 30 to 40 threads per 
inch, is used in the automatic filters. 

A woolen bag, 8 in. in diameter and 10 ft. long, for the automatic 
filters costs about $3.40 at the present time, or 16¢ per sq. ft. of filtering 
area. A seamless bag, 18 in. in diameter and 30 ft. long, for the old-type 
bagroom costs about $15, or 10¢ per sq. ft. of filtering area at the present 
time. If we assume that 1 sq. ft. of filtering area in the new bagroom is 
equivalent to 6 sq. ft. in the old-fashioned type, the cost comparison 
becomes, on a volume-handled basis, 16¢ and 60¢, or roughly, a cost of 
four times as much for the larger bags. While the initial cost of the bag 
equipment in an automatic filter to handle a given gas volume may be 
but one-fourth that of the old-style baghouse, it does not necessarily 
follow that maintenance or bag replacement will be of the same order. 

At Galena the life of a bag in one of the automatic filters is about three 
months. The life of a bag in the old baghouses for similar service is two 
or more years, so the cost of bag replacement is considerably in favor of 
the old type. 

At East St. Louis, where a mechanical filter is operating on fume from 
battery-scrap furnacing, cotton bags are used. That plant has found that 
while wool gives considerably longer life, the difference in price in favor 
of cotton makes the latter more economical in spite of more frequent 
replacements. A life of a week or two is obtained from the cotton bags. 
Their cost is in the neighborhood of 50¢ each. A bag at East St. Louis 
measures 100 in. in length and 8 in. in diameter. 


OPERATING DETAILS 


Very little trouble or expense has ever been experienced in keeping the 
mechanism functioning properly in the new-type filters. One man, who 
also has other duties, is on each shift for each of the mechanical filters. 
He takes care of oiling, inspection and bag replacements. At one 
of the filters, the fume that is collected is removed from the hoppers 
beneath the bags by screws which convey the material to a pug mill. 
The bagroom attendant looks after this pugging operation, which is 
done periodically. 

The automatic filter on basic sulphate white lead at Galena is handling 
about 25 tons per day and filtering about 20,000 cu. ft. of gases at 210° F. 
per minute. These conditions correspond to 0.8 gram of solids per cubic 
foot. The shaking cycle for this filter is 3 min. and 40 sec. The period 
of shaking is 7 sec. As 5365 sq. ft. of filtering surface has been provided, 
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this corresponds to approximately 3.7 cu. ft. of gas per minute per square 
foot of filtering surface. 

The other mechanical filter at Galena, made by a different manufac- 
turer, operates on a shaking cycle of 2 min. and 15 sec. The shaking 
period is 4 sec. Some 20 tons of solids have been filtered in this unit per 
day. The volume handled is about 40,000 cu. ft. per minute at 210° F. 
This corresponds to 0.3 gram of dust per cubic foot. This filter has a 
total filtering surface of 8250 sq. ft. Thus, approximately 4.8 cu. ft. of 
gas per minute is being handled by 1 sq. ft. of filter cloth. 

Very few, if any, of the large lead smelters are using automatic bag- 
houses for collecting blast-furnace or roaster fume. Cottrells or old- 
fashioned baghouses are being used. Possibly one reason for this is that 
few major lead-smelter baghouse installations have been made in recent 
years since the modern automatic baghouse reached its present state 
of development. 

The 10-compartment automatic filter at Galena was purchased and 
erected in 1932. The complete cost of foundations, building and filter 
was $10,721. The building consisted of little more than siding and roofing 
the structural steel supporting the filter. Probably the replacement cost 
at the present time would be one-fourth or more greater. 


Collection of Lead and Zinc Dusts and Fumes by the Cottrell 
Process 


By Harry V. Wetcu,* Member A.I.M.E. 


Ear y in the development of the art of metallurgy, it was noted that 
a distinct difference existed in the character, collection possibility and 
health hazard of the ‘‘smoke”’ from lead furnaces and those from copper 
plants. Zinc-plant fumes, although not so detrimental to health, were 
closely allied in nature to those of the lead works. In Cottrell plants, 
there are sufficiently distinct differences in operation and amount of 
construction between those for lead and copper to justify their considera- 
tion under separate headings; therefore, while the application of the 
process at copper-reduction works was covered by the writer some two 
years ago in the TRANsactTions},{ this discussion will confine itself more 
distinctly to ‘‘fume”’ collection. General information on the process 
has been presented in numerous articles and by many authors: Cottrell?, 
Schmidt’, Bradley’, Anderson®, Labbe®, Shiga’, Rathbun’. 

“Fume” may be defined as material, metal or nonmetal, elemental 
or compound, evolved as a vapor from a furnacing or chemical reaction 
and condensing, chilling or reacting within the gas stream to yield a 
solid form, and in this definition liquid particles are solids in a sense as 
distinguished from gases or vapors. Such condensed particles are of 
minute form, on the order of ‘‘smoke,” and, for example, on the 
order of a few hundredths of 1 micron (1 micron = 1/25,000 in.) to 
perhaps 3 microns, with agglomerates, in relatively small proportions of 
many particles. 

Metallurgically typical fume products are lead compounds, oxides, 
carbonates and sulphates; elemental zinc, more commonly encountered 
as a fume particle of zinc metal with a surrounding “‘skin’’ of zinc oxide; 
arsenic, both metal and oxide and some of its more complex salts such 
as added sulphates as found in flue dusts; antimony, more particularly 
its oxide forms; and elemental sulphur, sometimes a troublesome product 
in Dwight-Lloyd sintering-plant fumes. These products, particularly 
the elemental or lower oxide forms, have relatively appreciable vapor 
pressures at the existing operating temperatures as reported by Welch 
and Duschak’®, Ingold", Johnston", Millar!?-13, 


Manuscript received at the office of the Institute Aug. 17, 1936. 
* Chief Chemist, Western Precipitation Company. Los Angeles, Calif. 
+ References are at the end of the paper. 
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HISTORICAL 


As mentioned above, it was early observed that products escaping 
from lead reduction were much more difficult to collect and in general 
were of greater magnitude than those from copper plants. However, the 
simple lead carbonate ores then smelted produced gases less acid than 
those common at copper works, and crude forms of baghouses came into 
use. Development of the baghouse for neutral or only slightly acid 
gases progressed steadily, and today many are in use involving much 
ingenuity in their mechanical construction, and practically of completely 
automatic operation, involving thousands of bags and tens of thousands 
of square feet of bag surface. As their construction and operation is 
not a part of this paper, the reader is referred to other contributors to 
this volume and to the previous literature: Eilers™, Alexander”, Austin'® 
and Cregan?’. 

The acid gases commonly present from Dwight-Lloyd sintering 
machines rapidly deteriorate the bags unless the acidity is neutralized 
by hydrated lime dust or its equivalent introduced into the gas stream 
before its entrance to the bags. With few exceptions, collection is made 
today in Cottrell precipitators. Often blast-furnace gases are joined 
with the Dwight-Lloyd gases. There are many such plants in operation 
and an essential requirement in such installations is a recognition of the 
basic requirement that such gas and its content of suspended solids be 
‘‘eonditioned.’”? Later paragraphs will give more detailed discussion 
on means and theory of this particular problem in Cottrell operation 
with basic dusts. It was the lack of understanding of this problem, 
together with the inadequacy of high-voltage electrical equipment then 
available, that led to the failure of the truly pioneer and first commercial 
plant attempted in the year 1885. 

Previous to 1878 the highest potential available for use by man was 
that effected by the discharge of a Leyden jar. As early as 1824 a pre- 
cipitation of smoke particles on the walls of a smoke-filled bottle was 
caused by a charged Leyden jar connected with the bottle by means of 
a wire through its cork. Since no practical or theoretical advantage 
suggested itself, the discovery was soon forgotten, to be discovered again 
about a quarter of acentury later, in 1850, and forgotten, and rediscovered 
once more in 1884 by Sir Oliver Lodge. The third discovery fell in 
with the newer developments in science, particularly the invention of 
the Wimshurst machine in 1878, by means of which high-voltage direct 
current could be generated. Practical installation protected by patent 
application (Walker**) was made in 1885 at the Dee Bank Lead Works 
in North Wales”. 

The ‘‘precipitator” consisted of a number of sharp-pointed wires 
projecting into the flue and connected to a Wimshurst machine of two 
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5-ft. dia. glass plates driven by a 1-hp. steam engine. As real electrical 
precipitation of such material required gas and deposit conditioning, and 
a system of collecting electrodes as well as discharge electrodes, and a 
sensible delivery of power, and as under test a Wimshurst of even larger 
plate area was insufficient to energize a section of 6-in. pipe 6 in. long, it is 
evident that the plant failure was due to factors not known at that time. 

During the period intervening between this first unsuccessful attempt 
at electrical precipitation in 1885 and the first truly successful commercial 
unit of Cottrell design in 1908, the electromagnetic generation of electric 
power developed from Faraday’s copper disk and horseshoe magnet and 
became a great industry, and Cottrell, therefore, had at his command 
vastly greater supplies of electrical energy than the earlier investigators. 
It is interesting to observe that within the staff organization of lead 
reduction works of a half century ago, progressiveness of thought and 
action were keen enough to provide the facilities for the first, as we look 
upon it now, feeble commercial attempt, and that a quarter of a century 
later on the Pacific Coast the first really successful commercial installa- 
tion was made. 

This first successful commercial installation at a lead smelter referred 
to a special problem of refinery operation rather than to the usual lead- 
plant fume collection from furnace gases, but it is of interest historically. 
The Selby smelter (Fig. 1) is at Vallejo Junction, on the east side of San 
Francisco Bay. Its metallurgical operations include the refining of 
bullion, and the usual parting kettles are in use for the separation of silver 
from gold. Fumes from the parting kettles originally passed to an 
individual stack and at times the escaping sulphuric acid mist was exceed- 
ingly troublesome. Up to the time of Cottrell’s work, there was no 
simple satisfactory and practical method of collecting sulphuric acid 
mist, and Cottrell’s process having by that time been described and 
discussed in press and journals, his assistance was sought on the control 
of the acid mist discharge from the stack from the parting kettles. 

The design of this precipitation unit was limited by the potential 
obtainable from available power transformers—about 25,000 volts. 
Spacing between discharge and collecting electrode was therefore limited 
to 2 in. (4 in. center to center of collecting or grounded electrodes) and 
the discharge electrode was of the many-point type secured by strips of 
serrated mica placed and held between two half-round strips of lead. 
The precipitator consists of two units, each of two sections in series. 
Each section contains 12 rows of collecting or grounded electrodes, each 
row comprising four strips of 4-in. by 4-ft. lead supported at the top and 
separated by 4 in. between strips. In effect, it is a plate 3 ft. 2 in. by 
4 ft. with half its area in equal proportions cut out as four full-length 
vertical strips. Opposite the middle line of each pair of collecting elec- 
trodes is the discharge electrode of serrated mica and supporting lead. 
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The original ‘“‘pubescent”’ electrode of Cottrell’s early work incor- 
porated asbestos fiber either as a fibrous string winding about a wire or 
rod or as a thin layer between two wires twisted for binding and stiffness. 
Serrated mica strips were early substituted for the asbestos fiber as being 
more resistant to acid attack and of added reliability and structural 
strength. It was evident early in the development that this type of 
‘“‘nubescent”’ or its near equivalent of the somewhat mechanically stronger 
serrated-mica discharge electrode constituted a serious limitation on the 
application of the process. The necessity for a radius of curvature small 
enough to secure a corona discharge for the spacing and voltage applied, 


Fic. 1.—SELBY SMELTER, ACID-MIST PRECIPITATOR. ELECTRODE SYSTEM WITH 
COVER REMOVED. 
however, was always present. Encountering the problem of high tem- 
peratures of cement-kiln gases, of upwards of a million cubic feet of gas 
per minute to be ‘‘treated”’ and limitation of space and expenditure, 
Schmidt? discovered that the practical solution to his problem and to 
the art lay in using much higher potential differences, greater spacing 
and round, plain wires. For example, voltages from 50,000 to 100,000 
volts, spacing between discharge and collecting electrodes of 3 to 6 in., 
and discharge electrodes of wire from No. 8 size down to very fine wire. 


ELECTRODE Deposits 


The picture of electrical precipitation is a simple one: that of a dis- 
charge electrode (commonly negative) with a very small radius of curva- 
ture (a wire) and a collecting, positive or grounded electrode (a plate or 
pipe), between which two electrodes gases carrying suspended solids 
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are made to pass, precipitation of the suspended solids upon the collecting 
electrode taking place upon the establishment of suitable unidirectional, 
high-potential electric field between the electrodes. The relationship of 
distance between the electrodes, radius of curvature of the discharge 
(negative) electrode and voltage applied must be such as to provide a 
constant bluish electric discharge or a corona glow from the discharge 
electrode. In theory, the corona glow indicates potential gradient at the 
surface of the wire sufficient in intensity to disrupt the uncharged gas 
molecules, causing a positive charge to enter the metal electrode and the 
negative electrons to attach themselves to gas particles and then moving 
under the influence of the static field in the direction of the electrode of 
opposite polarity, or the positive or collecting electrode. These charged 
gas particles come into contact with suspended solid particles and thereby 
the latter are charged and begin their movement toward the collecting 
electrode. Upon arrival at the collecting electrode the charged dust 
particles should yield their charge to the electrode and become grounded— 
adhere to and to all intents and purposes become a part of that electrode. 
It is evident, however, that should the deposited dust particles fail to 
lose their charge, further precipitation would shortly become impossible 
and the suspended solids would then pass through the electric field with- 
out precipitation being effected. This is an extreme case and, while 
obtainable in the laboratory with zinc oxide fume in dry gases and dry 
deposit, for example, is practically never found in actual commercial 
plant operation. It is distinguished in test-plant operation from the 
beginning of a test with clean electrodes and as indicated on primary 
instruments of decreasing ampere flow, increasing potential and visibility 
of stack loss. The effect is that of a deposit of a sheet of continuous 
dielectric upon the collecting electrode. It is probably true that such a 
deposit is not in reality a perfect dielectric and that with refinement of 
precision in test, some grounding of deposited particles could be con- 
tinuously detected. It is stated as a ‘‘ practical observation.” 

The more usual phenomenon is a deposit showing characteristics of a 
discontinuous dielectric, also termed a porous dielectric, and more 
commonly called ‘‘poorly conducting deposits.’ Ordinarily these are 
basic in nature and zinc-plant and lead-plant fumes are good and suffi- 
cient examples. 

In this type of porous dielectric deposit, and where it has not been 
“conditioned”’ (made conductive), the electrical phenomena are sharply 
at variance with the case above of a continuous dielectric. Starting 
with a clean precipitator and a suspended solid in the gases, which upon 
precipitation becomes a porous or discontinuous dielectric, the instru- 
ments on the primary circuit will show, as the test proceeds, a continually 
decreasing voltage and increasing amperage to a given limit as fixed by 
the characteristics of the electrical set with a corresponding decrease in 
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collection efficiency from near 100 per cent to near zero. It is obvious 
that removal of the deposit, or the major portion of it, for example, by 
rapping the collecting electrode, would again restore the operation to its 
original starting or near its starting position (dependent on the amount 
removed) and that such cycles and continued precipitation could be 
maintained indefinitely. Thus, the conditioning of poorly conducting 
deposits is a practical problem of minimum plant size, maximum plant 
“treating” capacity and lowered investment; a factor change of degree 
and not of physical state. 

Explanation and theory are as follows: At the start ionization and 
the resultant charging of gas and dust particles are confined to the wire 
or rod electrode, the negative electrode. As the deposit builds up on the 
collecting or positive electrode and as a porous mass of dielectric particles, 
there is a corresponding building up of electric field intensity at the 
‘‘nores’’ or interstices of the particles until intensity or potential gradient 
is sufficient to rupture electrically the gas layer within the “pore,” giving 
thereby an ionizing effect and the usual visible glow. This discharge 
from a surface deposit on the collecting electrode is commonly termed 
‘reverse discharge” or “back ionization,” and since its charging effect 
is positive the precipitation effect is neutralized. Correction of this 
condition is accomplished by rendering the deposited dust electrically 
conductive. It is well known that many condensed fumes associate 
with themselves definite amounts of condensed gases and apparently 
this condensed gas exists as an envelope about the fume particle. Sul- 
phuric acid mist in its smaller particles is an excellent illustration, since 
such fine particles may readily be drawn through several alkali wash 
bottles without absorption, although acid and alkali in actual particle 
contact react vigorously. In lead-plant and zinc-plant fumes, it is 
undoubtedly this envelope or effect of condensed gas that gives to the 
collected fume the character of a semidielectric. The corrective factor, 
therefore, would be indicated as that which would destroy this dielectric 
superficial covering of the fine particles and permit their deposit and 
grounding as a uniform continuous conductive deposit. 

Since it was well known that water vapor and water particles exercised 
a strong influence on high-potential discharge effects, attention was early 
turned to the consideration of this as a beneficial means. At the same 
time, studies, largely laboratory, were conducted on many types of dielec- 
tric as interposed in a field of high potential discharge”’. Typical of the 
effect of lowering of the arcing (sparking) voltage by nonconducting 
deposits is an example offered by Wolcott?!. The effect was noted as 
the decreasing potential that could be maintained between a point (nega- 
tive) and a plate (positive) as increasing layers of a fume collected from 
the exit gases of a Dwight-Lloyd sintering machine were added on the 
surface of the plate. This particular Dwight-Lloyd fume had been found 


310 COLLECTION OF LEAD AND ZINC DUSTS AND FUMES 


difficult of collection by electrical precipitation and carried an unusually 
high percentage, 20 per cent of free sulphur. In its dry condition it was 
sifted through a 100-mesh screen as layers upon the collecting plate 
and the peak voltage that could be maintained was determined against 
layer thickness (Table 1). 


TaBLeE 1.—Thickness of Fume Deposit and Arcing Voltage 
Point Negative and 6 Cm. above Plate 


GRAMS PER Sa. Fr. Ma. PER Sa. Cm. Ky. (Prax) 
0.00 0.00 130 
0.85 0.91 120 
5.45 5.74 74 
8.15 8.78 60 
1775 19.14 50 


Since precipitator capacity (gas volume) for a given efficiency is, 
within limits, proportional to the peak voltage that can be maintained, 
the seriousness of the lowering of the potential that may be maintained is 
evident. In the test described, Wolcott found that with the sinter-plant 
fume the presence of 2.25 per cent moisture in the dust was not sufficient 
to overcome the lowering of voltage effects while the presence of 2.91 per 
cent moisture in the product completely grounded the deposit and per- 
mitted voltages between point and plate deposit equal to that of a clean 
plate. Percentage of moisture content varied with the several types of 
fume, and zinc oxide fume, for example, required but one per cent mois- 
ture content to render it conductive. — 

As illustrative of the relationship of peak voltage and capacity, 
K. Anderson reports”? the data secured on a single-pipe test unit (Table 2). 

TaBLE 2.—Variation of Tube Capacity 


Cu. Ft. per Min. for 90 Per Cent Efficiency of Peak and R.M.S. Voltages(Maximum 
Voltages Maintainable, Controlled by Degree of Conductivity of Deposit) 


Voltmeter BO Per Cent Efficiency 
Sphere Gap? Electrostatic R.M.S.%4 Per Second 

Ky. Per Cent Ky. Per Cent Cu Ft. Per Cent 
76 100.0 55 100.0 Dl 100.0 
74 97.3 53 96.3 5.4 94.7 
66 86.8 49 89.0 4.7 82.4 
60 79.0 47 85.4 4.4 W.2 
49 64.5 43 78.2 3.2 65.2 
40 52 6 35 63.6 2.0 35.2 


ConDITIONING GASES AND Deposits 


Some investigators found beneficial results from adding steam to the 
gases, others noted improvement from addition agents to suspended solids 
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such as graphite, carbonaceous products and oil, and for a time there 
was a lively argument as to whether the requirement for overcoming the 
adverse effects of basic dust deposits in continued precipitator operation 
required conditioning of gases or of the deposit. Later work has indicated 
the value of well conditioned gas, also that conductive gases alone are 
insufficient for satisfactory precipitation, and that in order to secure 
sufficient conductivity of the deposited material, the gases as well were 
always well conditioned. 

In a rather rough empirical expression, it may be said that: (1) if a 
precipitator of a given size is collecting, say, 90 per cent of well condi- 
tioned (say 3 to 5 per cent moisture in collected dust) basic fume such 
as lead-smelter gases; (2) a unit of one-half its size would handle an equal 
gas volume at the same efficiency on copper-roaster dust (acid gases) ; 
(3) that twice its size would be required for gases well conditioned and 
basic fume not satisfactorily conditioned and (4) something on the order 
of four times the unit size for well conditioned lead-plant fume, where 
neither conditioning of gases nor of deposit is provided. 

It can be argued, of course, that case 3, conditioning of gases only, 
cannot exist, and that even though no more moisture in the precipitated 
dust can be found by usual analytical means with and without water 
vapor added to a gas of relatively high temperature, nevertheless the 
mass-action effect could easily place additional and undetectable (by 
usual laboratory procedure) amounts of moisture on the suspended and 
precipitated particles. Since the electrical effect of surface creepage 
on dielectric surface under high potential stresses is striking between a 
dry and humid atmosphere the consideration is important. While 
Wolcott?! in laboratory work found 2.31 per cent moisture insufficient 
to condition a lead-plant fume containing 20 per cent free sulphur, and 
2.91 per cent moisture sufficient to completely discharge the deposit, 
practical plant operation finds the usual requirements between 3.5 and 
5 per cent, with relative humidities occasionally as low as 40 per cent, 
more commonly on the order of 60 per cent and for especially difficult 
fumes, such, for example, as contain elemental sulphur, 80 to 90 per cent 
humidity may be necessary tosecure a satisfactory conditioning of deposit. . 

Since types of precipitator, climatic conditions, day and night opera- 
tion and characteristics of gases and deposit affect the amount and degree 
of conditioning required, no precise quantities can be stated. Types of 
precipitators will receive detailed description in later paragraphs, but 
it is desired to point out here that the exposed-pipe type requires a mini- 
mum of conditioning of gases and deposit, and in areas of abundant rain- 
fall and relative high humidity such as exist in northern Europe many 
exposed-type precipitators are collecting lead and zinc fume without 
special conditioning facilities. In the Americas, Australia, South Africa, 
even this type requires provision for conditioning and commonly the 
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order of requirement may be stated as around 30 per cent relative humid- 
ity for exposed-pipe precipitators; 40 to 70 per cent for submerged 
pipe and plate precipitators; and according to Labbe® 80 per cent for the 
wire precipitator. 

Much work was done in early days on all manners of sprays, coarse, 
fine, high and low pressure, with and without steam, the latter both as 
addition agent and as atomizing means, but practice now has settled 
down to a number of sprays each of small delivery and operating at 
pressures of 250 to 300 lb. Commonly these sprays under 250 lb. pres- 
sure deliver approximately 14 gal. of water per minute in the form of a 
fine misty spray of which about one-half enters the gas stream, partly 
as vapor and partly as moisture in suspended dust. These sprays are 
installed in a special chamber where gas velocity is decreased to around 
6 or 7 ft. per second and an ample allowance is one spray head to 1000 cu. 
ft. per minute. Sprays are set on 5 to 10-ft. centers both transverse and 
longitudinal of the spray chamber, and arranged for control both in 
groups and individually by a suitable valve system. The number of 
sprays in operation will vary widely as between winter and summer, 
day and night, hot and cold furnace tops, stormy periods and dry weather, 
and so forth. 

While general practice, as stated, is with simple high-pressure sprays, 
a few plants operate with atomizers using low-pressure water supply and 
effecting atomization by compressed air; these operate in the range of 
60 to 90 lb. both for air and water and commonly use about 5 cu. ft. of 
free air per gallon of water per spray per minute. They are reported to 
be satisfactory, their special merit arising from the fact that the orifice 
is much larger than in the simple high-pressure type and therefore is not 
so easily choked by foreign particles carried in the water stream. 

Acid conditioning of gases has also been widely practiced at lead 
smelters, both alone and as auxiliary to water sprays. Concentrated 
sulphuric acid mist is a fume and therefore may be present with basic 
fumes in a relatively dry gas stream without providing the expected 
conditioning effect. As dilute or moderately concentrated acid fumed 
into a hot flue is rapidly converted to concentrated acid fume, correction 
of the undesired condition is not necessarily obtained by acid of 
lower strength. However, where temperatures are not too high and 
the gases contain a fair amount of moisture, fumed in sulphuric acid 
becomes a most effective conditioner. The requirement appears to 
be on the order of a ton of acid (60° Bé.) to between 5 and 10 tons of 
Cottrell collection. 

Carbon smoke, soot, graphite and various other solid agents have at 
times been added to improve the conductivity of deposits but although 
some improvement usually was noted it was not of sufficient magnitude 
to be worth while in commercial plant operation. 
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Petroleum in form of a fuel oil has also been used as a conditioning 
agent and with some success. Oil has a high ‘‘wetting’’ property and 
appears to neutralize the nonconducting film surrounding or associated 
with a basic fume particle. It functions best on gases cooled to somewhat 
below 200° F. by water sprays and requires about 1 lb. per minute of oil 
spray for a collection of 10 to 20 tons per day of lead-smelter fumes. 
The cost of oil has prevented its more extended use and it is considered 
only when water supply is limited and costly. 

Acid conditioning of leady fumes by admixture of gases from copper, 
pyrites or matte roasters before entrance to the Cottrell has also been 
effective. A special example is the operation of a series plate precipitator 
at the Tooele plant?>, where excellent capacities at relatively high gas 
velocities are obtained, and in which sufficient selective precipitation is 
accomplished to permit the return of collected material from the first 
two plates to the copper department, and the last two sections to the 
lead department. 

Matte roasting in a multiple-hearth furnace with concurrent move- 
ment of gases and charge, and the admixture of this gas to gases from 
the lead blast furnace and Dwight-Lloyd gases has been utilized with 
fair success at one or more reduction works. 


ELECTRICAL INSULATION 


Contending with general plant conditions and operating extended 
systems of electrodes at 50,000 to 100,000-volt differentials provide a 
difficult problem in electrical insulation. In the early days of electrical 
precipitation, insulation between electrode systems was a very serious 
problem. The porcelain of those days indifferently met the conditions 
and quartz, marble blocks and marble-block pyramids, firebrick and 
tile, cement blocks and cement-block stacks all were given a trial at one 
or more plants. The remarkable improvement in the dielectric qualities 
of the modern insulator porcelains has placed all other material, except 
for a few special conditions, entirely out of consideration and the recently 
constructed plants depend on porcelain both for support insulators and 
inlet bushings. 

On cold, dilute acid gases and where dilution of gases is not permitted, 
as in the purification installations for contact acid, oil-seal bushings” 
have given excellent service. These consist of an inverted pan or hood 
attached to the high-potential frame member and at the point where it 
passes through the top of the shell and with the edges of this pan dipping 
‘nto a circular oil-filled trough attached to the Cottrell shell, thus provid- 
ing an oil-seal bushing. Suitable provision is made for renewing the oil 
and for removing the acid water and sludge which may sink to the bottom 
of the pan carrying the sealing oil. 
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Corresponding to the above and for dry plant operation are the ‘‘lime 
seals’’??._ These have been used in special plant construction but have 
not become widely used although they have much merit in special condi- 
tions of operation. 


PRECIPITATORS 


It was mentioned that the exposed-pipe type of precipitator (Fig. 2) 
required less conditioning of gases than other types and this is to be 


Fia. 2.—EXPOSED-PIPE TYPE OF PRECIPITATOR. 


accredited to the fact that the tube walls, owing to the cooling effect of 
the surrounding atmosphere, are at an appreciably lower temperature 
than the flue gases, and that consequently the deposit on the inner 
face of the tube, which seldom exceeds 14 in. in thickness, is also of a 
lower temperature than the gases. Both the deposit and the gases within 
the interstices of the particle are therefore much nearer dew point than 
the main gas stream, and are thus conditioned. This type of precipitator 
has been built with pipe sizes from 5-in. dia. to 12-in. dia. and with tube 
length from 8 to 17 ft., the longer pipes corresponding to the larger pipe 
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diameters. Gas flow may be either up or down in the tubes, each type 
of gas flow having certain advantages and disadvantages. Downflow 
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Fic. 3.—SUBMERGED-PIPE TYPE OF PRECIPITATOR. 


provides more uniform distribution of gases but offers opportunity for 
once-precipitated dust to escape with the outlet gases. Upflow prevents 
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the loss from carry-over with outlet gases but under low gas velocities in 
tubes gives trouble in uniform gas distribution. In fact, many plants in 
Germany and northern Europe have been built with two pipe sections 
in series, the gases moving down in the first unit and up in the 
second. These have given satisfaction there, owing to the more 
humid and commonly cooler weather than obtains in America. 
Numerous units are operated on lead and zinc-plant gases without 
conditioning, and this to some extent is offset by additional length of 
tube and precipitator size. 

Unit size may vary from 20 to 30 pipes to 140 or more. Each unit 
has both inlet and outlet dampers and several units form an installation, 
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Fig. 4.—PLatTrs TYPE OF PRECIPITATOR. 


which permits taking one unit out of service for cleaning or repairs with- 
out serious loss of plant efficiency. A well recognized unfavorable feature 
of the exposed-pipe type is its susceptibility to corrosion, particularly 
where additional conditioning of gases is effected by water sprays or acid 
additions. This arises from the fact that with dependence for the cooling 
effect on weather conditions, controlled moisture and temperature of 
deposit is impossible, and actual wetness of walls and deposit provide 
favorable condition for corrosion. 

The submerged pipe unit (Fig. 3) is protected from uncontrolled wall 
and deposit corrosion because the gases either before or after passing 
the unit surround and move past the pipes. This added protection is 
offset to some extent by increased conditioning requirements. It is a 
very satisfactory type of Cottrell collector and is widely used. 

The plate type (Fig. 4) was developed largely as a less expensive form 
of precipitator than the pipe type and commonly has much less draft 
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loss, 14 to 14 in. of water-column drop across the precipitator being the 
usual amount. While this precipitator may be built for gases passing 
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Fig. 5.—RopD-cURTAIN TYPE OF PRECIPITATOR. 


either vertically or longitudinally, the most economical construction is 
usually the horizontal flow with increased efficiency secured by adding 
plates in series rather than more units in parallel, as required in the 
vertical-flow type. This is correct within limits as set by several fac- 
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tors, such, for example, as the permissible gas velocity through or 
past electrodes. 

Owing to occasional difficulties from buckling or warping of plates, 
especially in the larger sizes, 12 to 18 ft. high, in a newer type of pre- 
cipitator plates are replaced by a series of rods on small spacing. Such 
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Fic. 6.—ScrEEN TYPE OF PRECIPITATOR. 


a precipitator is called the rod-curtain type (Fig. 5), and has proved 
very satisfactory. 

Early work of Cottrell on purification of gases developed a 
type of transverse screen electrode (Fig. 6) through which the gases 
passed. This was later developed by Rathbun® for lead-smelter 
work and a number of plants were built. According to Labbe’, 
it requires somewhat high relative humidity of the gases for 
equal conditioning. 
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with central discharge wires and transverse passage of the gases. It 
wo Ll be expected to show a higher efficiency than the screen or 


e type. 


320 COLLECTION OF LEAD AND ZINC DUSTS AND FUMES 


PLANT DESCRIPTIONS 


Rulings within certain companies make it impossible to describe their 
dust and fume-collection plants, but full freedom has been granted by 
some companies and limited freedom by others, so that a fair cross section 
of modern plant operation is offered. 


Northport Smelter 


Although the Northport smelter of the Northport Smelting & Refining 
Co., Northport, Wash., was dismantled in 1922, the precipitator is still 


Fig. 8. Precipitator with power off. Fig. 9. Precipitator with power on. 


in service at a magnesite-calcining plant. This plant represents an early 
type not now extensively used in this country because of cost but still 
widely used in Europe. The plant was built during war days of 1917 
and went into operation in January 1918. At the time of its construction 
conditioning of gases was little understood and this plant went through 
the full development from unsatisfactory operation without sprays to 
complete and satisfactory operation with the full complement of sprays 
to provide necessary cooling and humidification. (Figs. 8 and 9 ) 
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The plant, using copper-plant experience and assuming (on most 
restricted observation) on the order of twice the electrode requirements 
in lead-smelter gases over that of copper roasters, was planned on a 
basis of 200,000 cu. ft. per min. of copper-roaster gases and in actual 
operation and with fully conditioned gases handled slightly over 
100,000 cu. ft. per min. at approximately 96 per cent collection effi- 
ciency. This relative capacity in gas volume between copper roasters 
and conditioned lead-smelter fumes is substantiated by experience from 
other plants. 

Plant design called for 14 Cottrell units, each unit comprising a tube 
section of 64 pipes 12 in. in diameter by 16 ft. long, with inlet and outlet 
damper and flue connections to main inlet and outlet flues. On gases 
all units were in parallel operation. Seven 15-kva. motor-generator 
electrical sets were provided, each supplying power to a 15-kva. 220 to 
100,000-volt special Westinghouse Cottrell transformer. Two Cottrell 
units were connected in parallel to one electrical set. Of the 14 units 
proposed in the design, only 13 were constructed and placed in operation. 
The design was that of an exposed-pipe type, downdraft, and a large 
brick flue some 500 ft. long connected the furnaces to the Cottrell and 
stack. Originally no provision was made for gas conditioning, and after 
the plant started up, marked effects of back ionization and poor con- 
ductivity of deposit developed. Efficiency was around 70 per cent with 
peak voltage on electrodes, 55 kv. peak and primary reading on switch- 
board of 45 amp. and 180 volts. Sprays delivering around 14 gal. per 
min. were installed in groups of six, and during test periods the steam 
from a 120-hp. boiler was added, which, with 42 sprays in service, resulted 
in thorough conditioning. Voltage that could be maintained across the 
electrodes rose from 55-kv. peak to 85-kv. peak; primary amperes on 
the individual electric machines dropped from 45 to 30 amp.; voltage 
rose from 180 to 200 and 210 volts. Later tests showed an effect from 
60 water sprays equal to that secured from 42 sprays plus steam output 
of the 120-hp. boiler. Eventually 84 sprays in the flue were made 
available with normal operation on about one-half this number, night 
operation requiring on the average a dozen fewer sprays than day opera- 
tion. Precipitator outlet temperature commonly approximated 150° F. 
and a relative humidity of around 40 per cent. However, improved 
operation was noted at 100° to 115° F. and 60 to 70 per cent rela- 
tive humidity. 

Because the flue was used as a spray chamber and relatively low- 
pressure water sprays were employed, there was an appreciable amount 
of water particle suspension carried into the precipitator, and as this 
type of exposed-pipe precipitator allows more chilling of outer rows of 
tubes, in less than a year a definite corrosion problem appeared. This 
was corrected, in the main, by housing-in the units, and by a careful 
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control of the number of sprays in operation, always keeping these at 
the minimum of good operation. 

Collection commonly averaged somewhat under 20 tons per day, of 
about 75 per cent lead and 3 to 4 per cent zinc. 


Bunker Hill Smelter 


The precipitator at this plant, in its present form, has most success- 
fully overcome such difficulties as developed at the Northport plant. 
The smelter and the Cottrell plant have been excellently described by 
Beasley, Feddersen, Schuettenhelm and Johnson. The precipitator 
is of the submerged-pipe type, consisting of 14 units in two parallel rows, 
downdraft with 64 pipes per unit, each pipe 12 in. in diameter by 16 ft. 
long. The discharge electrode is No. 18 wire held straight and taut by 
a bottom weight. The gases pass down through the tubes and up around 
the tubes on their way out, so no chilling and corrosion result. The 
housing for each unit and of the entire installation is of brick, and uni- 
formity of temperature and humidity is constant throughout. The 
Cottrell receives the gases from the Dwight-Lloyd sintering machines, a 
maximum volume of 120,000 cu. ft. per min. At the entrance to the 
spray chamber, the gas temperature is 200° to 250° F.; at the entrance 
to the Cottrell plant 100° to 125° F. Relative humidity as measured 
in the Cottrell outlet flue is 50 to 60 per cent. 

The sprays operate under 250-lb. pressure and deliver from 25 to 
50 gal. of water per minute, the minimum during winter conditions, the 
maximum in the summer season. 

Required electrical energy for Cottrell units is supplied by four motor- 
generator-rectifier sets, three of which are 15 kva. and one 30 kva. Cot- 
trell transformers are 200 to 100,000 volts. Commonly but three out 
of the four power sets are in service and the high-tension switching system 
permits any three of the four sets to serve the three feeder lines of the 
precipitator, and any unit may be connected with one of two feeder cir- 
cuits. Unique at this plant is the placing within the gas chamber the 
porcelain insulators supporting the high-tension electrode, an alteration 
that has proved most satisfactory, owing to the consistent and skillful 
plant operation. A further innovation is an automatic timer and reset 
on the circuit breaker of each electrical unit so that a flashover or arc 
within the precipitator sufficient to open the circuit breaker will permit 
the closing of the circuit breaker automatically on 15-sec. intervals three 
successive times before the operator needs to give it his attention. With 
the facilities afforded by such devices as this plus the over-all good engi- 
neering design and excellent construction, this plant operates with one 
attendant on duty. 

The Cottrell collected dust is accumulated in brick chambers under 
the precipitator units and after sintering is removed by hand. The 
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collection amounts to approximately 150 tons per month with the fol- 
lowing analysis: Ag, 7.5 per cent; Cu, 0.05; Pb, 67.0; Fe, 0.8; insol., 1.0; 
CaO, 0.2; 8S, 1.0; Sb, 0.6; As, 0.6. 


Sullivan Mining Company 


The electrolytic zine plant of the Sullivan Mining Co. is about one 
mile from the Bunker Hill smelter and has been very completely described 
by Messrs. Woolf and Miller*! and also in this volume, page 527. 

The roasting of the zinc flotation concentrates is accomplished in 
five 25-ft. eight-hearth Wedge roasters each with a normal rating of 
40 tons feed per day. Furnace gases are discharged to a steel flue, which 
extends to the Cottrell plant and stack some 1150 ft. to a hilltop and 
932 {t. above the roaster plant. The Cottrell is directly at the base of 
the stack. No fume is present in the gases, the suspended material being 
simply zinc flotation concentrates, a mixture of raw, partly roasted and 
completely roasted fines. Because of the sulphide roasting, the gases 
are acid in character and no conditioning is required. The precipitator 
consists of two plate units and is arranged for five plates in series, of 
which the first, second, third and fourth plates are installed. Each 
section is a unit comprising 17 plates in parallel providing 16 ducts or 
gas passageways. Plates are built of corrugated iron sheets 10 ft. high, 
9 ft. long (in the direction of the gas flow) and are spaced on 8-in. centers. 
Discharge electrodes are of wire with weights attached. ‘Two electrical 
power sets with synchronous-motor rectifiers and 15-kva. 400 to 60,000- 
volt single-phase transformers energize the electrode system. Efficiency 
of recovery is very high and the plant from the starting of operations has 
been fully satisfactory. 


Trail Smelter 


The plant of The Consolidated Mining and Smelting Company of 
Canada, Ltd., at Trail is extensive and carries forward a number of 
metallurgical and chemical processes. These have received much pub- 
licity and the reader is referred to the series of four articles by George 
F. Young®?, for very complete works description; also to pages 59, 271, 540 
and 721 of this volume. The management has been forward-looking and 
was the first to install a large Cottrell plant on lead smelter fumes, in 
1914. It was of the exposed-pipe type, originally of 12 sections, each 
section of 32 pipes; pipes were 13-in. O.D. standard well casing, Yy4-in. 
wall and 15 ft. long. It has been enlarged to 18 sections and in 1925 
was largely reconstructed. The Cottrell exposed-pipe precipitator has 
been operated under several technical procedures. Originally an updraft 
design, it has, from time to time and for periods of test operation, been 
operated with some units downdraft and again with units in series and 
in parallel service. The present operation is as an updraft precipitator 
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with all sections in parallel, and it is modified to the extent of a wooden 
housing as weather protection for each unit. 

At the time of its original construction in 1914, the eee of con- 
ditioning of gas and suspended fume content was unknown and a great 
deal of experimental investigation was carried on by the technical 
department of the smelter. Parallel with work at other plants, par- 
ticularly Northport, Trail investigators developed the spray system and 
spray chamber. 

The blast-furnace gases are now conditioned in a large spray chamber 
equipped with 300 sprays, each with a delivery capacity under 275-lb. 
water pressure of approximately 34 gal. per min. Variation of number of 
sprays in operation is from approximately 100 during the winter season 
to 300 during the summer. The construction and operation of the spray 
chambers are special to this plant. All the sprays are concentrated in 
the inlet end of the chamber, the remainder of the chamber thus forming 
a settling area for the dropping of the coarse, suspended water particles. 
All sprays discharge horizontally and in the direction of the flow of the 
gases. Approximately 20 per cent of the spray water is evaporated into 
the gases, and control provides for a minimum of 4 to 5 per cent of mois- 
ture in the precipitated dust. 

Operating in parallel with this pipe Cottrell is a second precipitator 
of the plate type. Its installation is due to more extended smelter-plant 
operations and the selection of plates over pipe was due to the compact- 
ness of this design, its lower first cost per unit capacity and the fact that 
conditions for corrosion are much less pronounced in this plate design 
than in the exposed type. 

In the several steel-plate precipitators installed at this reduction 
works, the same general unit design of electrodes has been followed, the 
plants then varying in the number of Cottrell units in parallel, the number 
of electrodes in parallel in each section and the number of electrodes in 
series in each precipitator unit. The unit design of electrode provides 
for plates 10 by 10 ft. with vertical, large corrugations, the latter on 
5¥4-in. centers. In a duct or electrode-gas passageway, two such plates 
are mounted with the convex and concave corrugations directly opposite 
each other, the discharge electrode (a vertical wire) being placed central 
to each pair of concave corrugations. There is thus a discharge wire to 
each 54 in. of horizontal length of plate. As there is a cross member 
support for the top bus bars on the middle line, which requires the omis- 
sion of one or two discharge wires at this point, there are actually 20 
discharge wires to a 10-ft. length of plate (in the direction of gas flow). 
This approximates the idea of a continuous series of 20 pipes, incomplete 
as to full circumference, with passage of the gas along the longitudinal 
length of tube and past 20 electrodes in series. It is, therefore, a special 
form of horizontal gas-flow plate precipitator. Plates are of 1¢-in. “‘Key- 
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stone’? stock, factory-corrugated, and have given good satisfaction 
in service. 

This plate Cottrell operating in parallel with the pipe precipitator 
consists of four units each with its own inlet and outlet dampers and 
electrical power set. The four units are in parallel operation. Each 
unit has four sections in series and each section contains 13 plates, 12 ducts 
or gas passageways, with a 12-in. spacing center to center of plates. 
Discharge electrodes are of No. 9 B. & S. wire held tensioned by weights. 

A substation contains the electrical sets for both the pipe and plate 
precipitators. This comprises 10 electrical power sets, each set composed 
of a 40-hp. induction motor direct-connected to a 25-kva. single-phase 
generator and through a shaft extension to the rectifier. The circuit 
from each single-phase generator passes to a high-potential transformer 
of 220 to 60,000 volts and for each electrical set there is suitable control 
board with indicating voltmeter and ammeter. By transformer ratio 
the power sets connected to pipe units provide a voltage to precipitators 
of 60,000 volts; to plate units of 65,000 volts. Current flow per electrical 
machine to Cottrells approximates 165 milliamperes to plate units and 
250 milliamperes to pipe units. Four electrical sets are connected to 
four pipe sections each, two electrical sets to six pipe sections each and 
four machines, one to each Cottrell unit, to the plate precipitator. 

Rapping on both units is done by hand, discharge electrodes on 1-hr. 
intervals and collecting electrodes on 2-hr. intervals. 


Cottrell Precipitator on Gases from Dwight-Lloyd Sintering Machines 


At the Trail plant there are 14 Dwight-Lloyd sintering machines 
producing 1400 tons of sinter per day. ‘The recovery of the solids dis- 
charged with sintering-plant gases has at all lead works been a prob- 
lem more of maintenance of equipment than of process. The gases 
carry considerable acidity, while the suspended solids are largely true 
fumes. The reducing action on the moving grate often brings into the 
gases elements of high combustibility such as elemental lead, arsenic, 
antimony and sulphur. The latter is a particularly troublesome element, 
igniting spontaneously if allowed to collect and dry out in dead pockets 
and requiring more thorough humidification for satisfactory collection 
than the other elements present. During recent years the improvement 
in flotation practice by which the major portion of the pyrites is removed 
from the lead and zinc concentrates has greatly lessened the problem of 
free sulphur in Dwight-Lloyd gases, and while a minor or scarcely con- 
sidered problem at Trail, it is still at other plants a lively consideration 
in plant work. 

The corrosion problem in the Cottrell is that due to precipitated, 
suspended spray-water droplets and condensed vapor from the cooling 
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of saturated gas and resultant wetting of deposit and interior structural 
parts. It becomes more of a problem solely because of uncontrollable 
irregularities of sintering-plant operation, which vary the minimum 
requirements for spray water over a wide range. While operation charac- 
teristics of rectifier and switchboard readings indicate precisely either an 
insufficiency or sufficiency of water-spray conditioning, they give no 
evidence of excessive spray operation and only close visual inspection at 
inlet flue and precipitator plus judgment and experience will permit spray 
control to minimum requirements. In practice it usually cannot be 
quite obtained and at Trail this corrosion problem has been overcome by 
replacement of the steel collecting plates by similar plates of pure alumi- 
num metal. 

The Cottrell at the Dwight-Lloyd plant consists of seven units in 
parallel, each with its own inlet and outlet dampers. Each unit consists 
of four sections in series and each section of 19 plates or 18 ducts or gas 
passageways. Each plate is 10 by 10 ft. of 34,-in. aluminum plate corru- 
gated on 544-in. centers. Spacing center to center of plates in 8 in. 
Discharge electrodes are of No. 9 hard-drawn iron wire, tensioned with 
weights. While aluminum wires and small rods have been utilized as 
discharge electrodes and have resisted corrosion excellently, the sparking 
continually in evidence where they passed through the lower grid guide 
gradually reduced their section until rupture occurred and the iron wires 
have proved the most satisfactory. 

Power for this Dwight-Lloyd precipitator is provided by seven electri- 
cal sets installed in a special substation building. Each set supplies one 
unit of the precipitator. This substation plant differs from the plant 
described earlier in the paper, in utilizing synchronous motor-driven 
rectifiers with current supply from the 550-volt 60-cycle power lines. 
Each of the seven sets is provided with a 25-kva. 550-volt primary 25,000 
to 60,000 secondary transformer, with winding taps brought out on 5000- 
volt steps from 25,000 to 60,000 volts. Switchboards per set provide the 
usual primary volt and ammeters, multiple-point switches both for trans- 
former tap and rheostat resistance control, reversing switch for trans- 
former leads and motor controls. The current to precipitator per 
machine approximates 300 ma. and voltage by transformer ratio 
50,000 volts. 

A large spray and water-droplet settling chamber is provided for 
Dwight-Lloyd gases, operating in all respects as the spray chamber for 
blast-furnace gases. As many as 400 sprays at 275-lb. pressure are used 
in the summer season. Multistage centrifugal pumps have given the 
most satisfactory operation for this service. For Dwight-Lloyd gases two 
pump units are provided, each unit comprising a 100-hp. motor direct 
connected to a six-stage Allis Chalmers centrifugal pump capable of 
delivering 200 gal. of water per min. against a 275-lb. head. 


HARRY V. WELCH 327 


Precipitators on Zinc Sulphide Furnaces at Trail 


Trail is quite as important in the world’s zinc-production activity as 
in the lead-producing field and some 700 tons of zinc flotation concentrates 
are furnaced daily. Gas cleaning can be done in either of two precipita- 
tion plants. The older precipitation plant was originally installed to 
treat the gases from 21 Wedge roasters. At present two of the three 
units can if necessary receive the gases from any of the eight furnaces 
burning the zinc sulphide concentrates while in suspension (so-called 
flash roasting) and the third unit cleans the gases from the rever- 
beratory furnace melting zinc cathodes. No conditioning of the gases 
is required and the collection is largely dust with some fume. As is 
usual in sulphide roasting, the gases provide sufficient acidity to be 
readily conductive. 

Each unit of this three-unit plant is complete with its own inlet and 
outlet dampers and electrical connections. Each unit contains six sec- 
tions in series, of which four sections are equipped with electrodes. Each 
section contains 16 collecting plates and 15 ducts or gas passageways. 
Collecting plates are of corrugated steel sheets 1g in. thick and 10 ft. long 
by 12 ft. high. Corrugations are on 514-in. centers and vertical and the 
spacing center to center of plates is 12 in. Discharge electrodes are No. 9 
hard-drawn iron wires, 24 to a section duct. Construction is of steel and 
walls of double gunite on steel reinforcement. 

Three motor-generator sets identical with those in service at the blast- 
furnace Cottrell plant serve this precipitator, one to each Cottrell unit. 
The precipitator charging current approximates 110 ma. per machine 
and by transformer ratio 62,000 volts. 

The newer plant treating the gases from zine sulphide burning is 
direct-connected with the large-scale acid-manufacturing plant. Hight 
furnaces burn 700 tons of zinc sulphide concentrates per day. 

There are eight units in the Cottrell precipitator; all units are two sec- 
tions long. Two units have sections of 11 plates and 10 ducts, and six 
units have sections of 15 plates and 14 ducts. Collecting plates are 12 in. 
center to center, or spacing. Plates are of the corrugated type standard 
at this smelter; 10 by 10-ft., }g-in. thick plate with vertical corrugations 
on 514-in. centers. There are 24 discharge electrodes per section duct 
of No. 9 hard-drawn iron wire. Framing and supports are of structural 
steel with the housing of 13-in. brick wall. 

Four power units with synchronous-motor rectifier and 25-kva. trans- 
formers, similar to those installed in the Dwight-Lloyd plant, supply the 
power to the treater units, one power set to each two units. Electrical 
energy to Cottrells and from each power set average 160 ma. at voltage 
by transformer ratio of 45,000 volts. 
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Reverberatory Furnace Refining Slimes from Electrolytic Lead Refinery 


At the Trail smelter a Betts process plant for the refining of lead by the 
electrolytic process is in operation with a capacity of 450 tons of refined 
lead per day. The handling and refining of the slimes from this electro- 
lytic operation is accomplished in a reverberatory furnace. The furnace 
gases carry a true fume of lead products, and plant operation and practice 
follow closely the operations at the blast-furnace plant. 

The precipitator consists of two units in parallel, each unit of five sec- 
tions and each section of six plates, five ducts or gas passageways. Plates 
are of the standard described, 10 by 10 ft. and 514-in. vertical corruga- 
tions, spacing between plates 12in. Discharge wires, 24 to a section duct 
and of No. 9 hard-drawn iron. The structural parts are of steel with 
housing of double gunite walls. Spray-chamber operation is similar to 
that of the blast-furnace gases. Power equipment of two units of motor- 
generator sets is identical with the equipment on the blast-furnace Cottrell 
plant. Power input to precipitators per electrical set is approximately 
75 ma. at 60,000 volts by transformer ratio. 


Acid-plant Mist Precipitator 


It was mentioned that part of the treatment plant provided under zinc- 
roaster gases served the new acid plant. In addition to the dry cleaning 
of the gases by Cottrell precipitators, there is a further installation of 
Cottrell units as mist collectors in the purification of the gases preceding 
their entrance to the contact plant. This new acid plant has been fully 
described by W. M. Cobleigh**. The installation of mist precipitators for 
gas purification consists of 18 units in parallel service. Each unit is of 
lead construction within a cylindrical steel shell with independent inlet 
and outlet jug dampers. Each unit contains 21 lead pipes 10 ft. long and 
6 in. in diameter. It is of the submerged type, the gas passing down 
around the tubes and up through them. Discharge electrodes are of 
star-shaped lead-covered iron wire supported through a central electrode, 
which is carried outside the precipitator shell through an oil-seal bushing. 
About 50,000 volts is maintained between electrodes, the power set being 
of the standard design for this plant. 


Mount Isa Smelter 


The development of Mount Isa Mines, Ltd., Mount Isa, Queensland, 
Australia, marks the latest discovery and most recent large-scale construc- 
tion of a new and sufficiently important producer in lead and zinc to be a 
prime consideration in the world’s markets. The mine, mill and smelter 
have been described by J. M. Callow*+. 
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Blast-furnace and Dwight-Lloyd gases are mixed, passed through a 
spray chamber, a settling flue, the Cottrell plant and to stack. Present 
operations require seven out of eight Dwight-Lloyd machines and one out 
of three blast furnaces in service. The charge to the sintering machines 
is 1400 tons a day, to blast furnace 300 tons, with average lead production 
of 100 tons per day. The Cottrell installed with the original smelter, a 
two-unit plant, received the gases from three Dwight-Lloyd machines 
and one blast furnace. Gas volume was approximately 90,000 cu. ft. per 
min. and efficiency of collection 95 per cent. With the installation of 
additional Dwight-Lloyd machines, a third unit was added. 
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Fic. 10.—Mr. Isa Mines, Ltrp. SPRAY CHAMBERS, CorTrRELL AND STACK. 


The precipitator is of the so-called rod-curtain type, 1-in. standard 
pipe being used, on 2-in. centers. These curtains are 12 ft. high by 7 ft. 
4 in. long (in the direction of gas flow). Each of the three units installed 
is complete with its own inlet and outlet multivane dampers. Each unit 
comprises four sections in series and each section carries 16 rod curtains, 
15 ducts or gas passageways. Spacing between plates center to center is 
8in. Discharge electrodes are }é-in. square, twisted rods, spaced on 8-in. 
centers, held in position by a steel framework and supported on insulators 
mounted in overhead insulator compartments. The curtains are rapped 
by hand-operated air hammers acting on anvils mounted on each 
rod-curtain frame and carried through the top covers. High-tension dis- 
charge rods are rapped through a system of hammers within the precipita- 
tor, striking on frame members and operated by a hand lever from 
the operating floor of the precipitator. 

The substation is directly above the inlet header with its floor level 
with that of the operating floor of the main precipitator, an arrangement 
of much convenience to the plant operator. 
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The three-unit plant has seven Cottrell power sets. Each set com- 
prises a synchronous-motor-driven rectifier, 15-kva. high-potential trans- 
former, 440 volts primary and 40,000 to 60,000 volts by 5000-volt taps 
secondary. Each set has its own control and instrument board. Six 
power sets are in continuous service, one to each two sections of precipita- 
tor, with one set as a spare. 

Precipitated dust is collected in longitudinal hoppers, one to each unit, 
removed by ribbon screw conveyors pugged with water, and with the 
spray-chamber discharge is recovered from a Dorr thickener as a thickened 
pulp and joins the mill concentrate to Dorrco filters. 

Two spray chambers in parallel, each 20 ft. wide, 20 ft. high and 72 ft. 
long, have a spray system providing a total of 224 sprays, each capable of 
delivering 0.4 to 0.5 gal. of water per min. under 250 to 300 lb. pressure. 
The number in operation varies widely with weather conditions. The 
spray system is served by two pump units, one in service and one as spare. 
Each pump unit comprises a six-stage centrifugal pump direct-connected 
to 45-hp., 2920-r.p.m. electric motor. Temperature at the entrance to the 
spray chamber varies from 250° to 300° F., at the outlet of the Cot- 
trell about 115° F., with the collected dust averaging about 4.6 per 
cent moisture. 


Electrolytic Zinc Company of Australasia, Ltd. 


This company operates an extensive electrolytic zine plant in Tas- 
mania and in connection with its requirements for roasting of Broken 
Hill zinc sulphide concentrates operates several acid and phosphate 
fertilizer plants in Tasmania and on the mainland of Australia. In 
connection with two of its related activities it operates Cottrell units as 
mist extractors where scrubbers had failed to give the efficiency desired. 

The electrolytic zinc plant at Risdon, Tasmania (Fig. 13), has been 
fully described in several papers**:**.87 and in this volume (p. 482). 

First or primary roasting of the zinc sulphide concentrates is accom- 
plished at acid plants on the mainland, and the calcine, then averaging 
approximately 7 per cent sulphur, is given its second and final roast at the 
Risdon plant. This second roast is accomplished in a coal-fired modified 
Leggo furnace of four superimposed hearths. Gases from these furnaces 
pass to cyclones, thence to sea-water scrubbing towers for removal of 
suspended dust and SQ, gas and thence to a lead-pipe precipitator of five 
units for removal of sulphuric acid mist, then exit through a wooden stack 
to atmosphere. The problem was not the recovery of the acid mist for 
its value but to remove the mist from the atmosphere as a measure of 
efficient plant operation and the avoidance of a nuisance. Good opera- 
tion is indicated by a nonvisible stack discharge. The five units are 
arranged in parallel, are supported in a steel framework, with all surfaces 
in contact with the gases made of sheet lead. There are 50 lead pipes 
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12 ft. long to a unit. Construction is of the exposed-pipe type, the gas 
passing upward through the tubes. Discharge electrodes are of star- 
shaped lead-covered iron wires, held in tension by weights. 

Power for the five Cottrell units is provided by five synchronous- 
motor rectifiers connected to five 220 to 75,000-volt special Cottrell 
transformers. The usual form of switchboard and tap resistance control 
is provided. Operating voltage varies from 65,000 to 85,000. Cleaning 
of the tube units is effected by flushing with salt water, and commonly 
on 4-hr. intervals. The plant has always functioned satisfactorily. 

At the Port Pirie lead smelter of Broken Hill Associated Smelters, 
the Electrolytic Zine Co. has in operation a contact acid plant and pro- 
vides for this plant’s SO». requirements through the primary roasting of 
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Fic. 11.—KLEectrotytic ZInc COMPANY OF AUSTRALASIA, Lrp., Rispon, TASMANIA. 
Cottrell on gases from Leggo furnaces. 
Broken Hill concentrates. These concentrates contain appreciable 
quantities of many minor elements, among the most objectionable from 
the point of view of acid making being chloride, fluorine and arsenic. An 
extensive gas-cleaning and purification system precedes the contact 
chambers, and incorporated therewith as a means of removing the final 
traces of arsenic, lead sulphate and acid fume is an electrical precipitator 
consisting of eight units in parallel, all of lead construction and each 
inside a steel housing. Each unit has its own inlet and outlet jug dampers 
and carries 21 lead pipes 6 in. in diameter by 10 ft. long. Gas passes 
down around the pipes and upward through the tubes. It is thus a 
submerged-pipe type of precipitator. High-potential discharge elec- 
trodes are star-shaped, lead-covered iron wires and are supported over- 
head through a central spider frame and tensioned by weights at their 
lower ends. The overhead support for the discharge electrodes is carried 
outside the unit through an oil-seal bushing to porcelain supports. In 
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order to protect this oil seal from the moisture-laden gases, a small return 
of dry gas taken past the drying towers is returned and discharged at 
the oil-seal surface line. Collection by the Cottrell amounts to a ‘“‘drip”’ 
of 1600 gal. per day carrying 1.3 Ib. As, 4.0 lb. Cl and 560 lb. H2SO, plus 
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CROSS SECTIONs 
Fie. 12.—E.ecrrouytic Zinc Co., Port Pirin, AUSTRALIA. 
Lodge-Cottrell mist precipitator for purification of gases to contact acid plant. 


a considerable quantity of PbSO. Two 12-kva. motor-generator- 
rectifier sets are provided, each connected to a transformer of 355 volts 
primary and 66,000 secondary. (Fig. 12.) 


American Smelting and Refining Company 


The American Smelting and Refining Co. operates a number of lead 
smelters in this country and in Mexico. In some of its copper-smelting 
operations it has collection plants for the basic fume from the lead and 
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zinc present in copper-plant feed. Little information as to their plants 
has been published, Labbe’s paper® providing the following notes. 

The Murray plant has a pipe precipitator taking gases from Dwight- 
Lloyd machines and Wedge roasters. This combination of gases provides 
a precipitate of good conductivity. The Hast Helena plant has a pipe 
precipitator handling gases from Dwight-Lloyd machines. It is condi- 
tioned by water sprays to 45 to 50 per cent relative humidity. 

At the Rosita zinc smelter, Coahuila, Mexico*’, gases from four 20-ft. 
dia. Skinner furnaces are treated in a four-unit, three-section plate- 
type Cottrell. 


Eastern United States 


While the middle and western states are mainly producers of primary 
metals, the eastern states do the major portion of the refining and second- 
ary metal recovery. Primary production is in relatively few large plants, 
well equipped and therefore simple of description. The great number 
and variety of operations and the general small volume of individual 
secondary plants make description of individual plants out of the question 
and, therefore, only general description will be offered here. 

The secondary recovery of metals is an expanding activity and while 
for some time the plants built were often crude and inadequate, the 
newer plants are generally provided with suitable baghouses or Cottrell 
precipitators. Owing to the relatively small gas volume and easier 
conditions for gas conditioning which the exposed pipe offers, many units 
of this type have been installed. They vary in size from ten to a dozen 
pipes up to fifty and from one to several units. Synchronous-motor- 
rectifier sets are commonly supplied with 5 to 15-kva. transformers with 
operating voltages of 30,000 to 60,000 volts. 

A typical example is the following plant: Gases from a blast furnace 
handling 50 tons per day of battery plates, slags and drosses. Gas 
volume is 3700 cu. ft. per min. at 920° F. Precipitator is one unit of 
exposed pipe, 24 tubes; fine wire discharge electrodes, water added to 
charge for gas conditioning; efficiency of collection 96 per cent. Power 
unit has one synchronous-motor-driven rectifier, one 210 to 75,000-volt 
transformer, one switch and control board. 

A second similar plant of equal tonnage capacity and gas volume 
has a two-unit plate precipitator. Fach unit is one section long of nine 
ducts, with plates 3 ft. high by 6 ft. 6 in. long. Additional conditioning 
to wetting down of charge to furnace is one steam and one water spray 
in flue ahead of precipitator. The efficiency is 90 per cent, and the power 
set the same as in the previous example. 

A third example is a converter operating on secondary metals, scrap 
brass and some matte. Gas volume is 18,600 cu. ft. per min. at 150° 
to 160° F., conditioned by 39 Schuette & Koerting sprays delivering 
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approximately 22 gal. of water per minute, of which 45 per cent is retained 
in gases and precipitate. With intermittent operation, approximately 
95 per cent collection; 4 tons per day. Precipitator of two units, each 
one section long, 19 plates, 18 ducts. Collecting plates 8 ft. high by 
6 ft. long, 6-in. spacing center to center of plates. Discharge wires No. 9 
iron wire. Power equipment, one 15-kva. transformer, primary voltage 
200 secondary 55,000 to 75,000 by 5000-volt taps. Synchronous-motor 
rectifier and usual instrument and control board. 


Fig. 13.—Puant in Saxony, Germany. (Lurgi Apparatebau Gesellschaft.) 
Precipitator cleaning refinery and lead blast-furnace gases. 


A further application, entirely outside the field of secondary metal 
recovery, is the use of precipitators on hot gases from zine roasters sup- 
plying chamber-acid plants. It is essential in this service that the gases 
be cleaned at the prevailing temperature provided by the furnacing of 
zinc sulphide concentrate, which is 1000° to 1100° F. The gas volume 
at that temperature is 30,000 cu. ft. per min. The precipitator has two 
units, each of two sections, each section of 13 plates, 12 ducts or gas 
passageways, 8-in. spacing center to center of plates. Wire discharge 
electrodes are used, all metal parts are of high-chrome alloy and walls 
of steel lined with insulating and firebrick. Automatic rapping of dis- 
charge and collecting electrodes is provided. Collection is 5 to 6 tons 
per day at 95 to 97 per cent efficiency. One electrical set with operating 
voltage across electrodes approximately 65,000 volts. An exposed-pipe 
precipitator at a German refinery and lead blast-furnace plant is shown 
in Fig. 13. 
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Waelz Process Plants 


The Waelz process has found extensive application in zine and lead 
metallurgy in Europe, more particularly in Germany, but only to a very 
limited extent in this country. It has been frequently mentioned in the 
technical press*“1 and described with considerable detail by R. Hoffman* 
and in this volume, page 702. While baghouses have been used as col- 
lectors for the evolved fumes from Waelz process kilns (Fig. 14), electrical 
precipitators, or electrofilters, as our German friends designate them, 
have been far more widely used. Dr. F. Blass has more particularly 
described electrofilters in connection with rotary-kiln operations*!. 

In general the gases from the Waelz kiln are cooled either by passage 
through a waste-heat boiler or by a tubular air cooler and then passed 


Fic. 14.—EuroPEAN WAELZ PROCESS PLANT WITH SIX-UNIT PIPE PRECIPITATOR IN 
FOREGROUND. (Lurgi Apparatebau Gesellschaft.) 


in series through two or more exposed-pipe precipitator units or a com- 
bination exposed-pipe followed by a plate precipitator. Since in this 
kind of metallurgical plant the fume collection is the full amount of values 
recoverable from the furnace charge, very high efficiency of collection is 
essential and the plants are usually designed on a basis of 99 to 99.8 per 
cent efficiency of collection. 

Two American installations are reported by B. H. Strom. Two par- 
agraphs of his article provide information on plant capacity, operation and 
fume-collecting means and are of sufficient interest to be repeated here: 


The United States Steel Corporation has installed a (Waelz) kiln in its plant at 
Donora, Pa., for the treatment of muffle residue, current production, and residue from 
an old dump containing about one million tons. This residue, which already contains 
enough coal for reduction, is fed directly to a kiln 120 ft. long (36 m.), 10 ft. outside 
diameter (3 m.), with a capacity of 360 tons per 24 hours, which is expected to be 
increased to 400 tons. Natural gas is used for auxiliary heating. The plant requires 
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only four men per shift for operation, the entire installation being mechanized as far 
as possible. Cottrell precipitation is used for collecting the oxide, which contains 
little lead and is reduced to metallic zine by the regular retort process. The over-all 
recovery has averaged over 95% over several months of continuous operation, and 
the plant has experienced few mechanical difficulties from ring formation or for any 
other reasons. 

The New Jersey Zinc Company has installed a kiln at its Palmerton plant, 140 ft. 
long (42 m.), and with 10 ft. outside diameter (3 m.), which treats a varied feed, ore, 
residues, slime, flue dust, and other metallurgical products, using a cheap grade of 
coal for reduction, such as screenings from coal washing. This installation has been 
in operation for only a short time, but the results obtained are satisfactory. The 
oxide is collected in a baghouse and used for the production of lithopone*”. 


Gold and Silver Refineries 


It is the usual practice in private refineries of precious metals to pass 
the gases from the various roasters, retorts, doré furnaces, etc., to ample 
scrubbing systems, and for many years such collection as these effected 
was considered as satisfactory. As methods of precision improved within 
their own operations and procedure for accurate measurement of actual 
exit gases became available, plus the general better understanding of 
fume characteristics, it became evident that further worth-while recoveries 
could be secured from Cottrell precipitators. ‘These are of lead-pipe 
construction and vary widely in number of pipes to a unit and number of 
units. Pipes usually are from 8 to 12 in. in diameter and 10 to 12 ft. 
long. Electric power usually is from a Cottrell set capable of delivering 
60,000 to 75,000 volts across the electrodes. 

In refineries maintained by governments, however, to avoid the 
inconvenience and general untidiness of scrubber installations, the collec- 
tion has been accomplished in a steel precipitator and in dry form, it 
being recognized that under such operation much larger plants in electrode 
installation are required and therefore more investment cost. The major 
government refineries of Europe and North America are so equipped*2. 
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History of the Metallurgy of Zinc 


By W. R. Incatus,* Memser A.I.M.E. 


In reviewing the history of the metallurgy of zinc, I shall pass hastily 
over what is only of antiquarian interest. That has been excellently 
treated by Dr. Bernhard Neumann in ‘Die Metalle” (1904) and has 
been described briefly in my ‘‘ Production and Properties of Zinc” (1902), 
in my “Lead and Zinc in the United States” (1908), and in other metallur- 
gical works of more or less the same date. In this present monograph, I 
have it in mind to confine myself mainly to technical practice, especially 
to that of the last 75 years, prior to which period advance was slow and 
of no great moment. 

The ancients made brass by the cementation process, i.e., embedding 
copper in a mixture of calamine and carbon and heating, whereby zinc 
oxide was reduced and zine was vaporized and combined with the copper. 
Zine was isolated by some of the alchemists, who named it and knew 
something of its properties, but made no use of it. Long before then, 
however, zinc was produced in India. Later it was produced in southern 
China. Possibly the Chinese obtained their knowledge from India. 
The Chinese in remote places still produce small quantities of zinc. 1 
have seen photographs of their furnaces; or pots, for they hardly deserve 
the dignity of being called furnaces. I imagine that they are the 
same that were used centuries ago, for I cannot conceive of anything 
more primitive. 

Anyway, it is certain that the idea of a commercial production of zine 
in Europe was imported from the Orient, where the metal was known 
in commerce as Speauter and Spiauter, whence speltrum and finally our 
term spelter. Tutanego and Tuteneague are other old names. 

Dr. Isaac Lawson went to China about 1730, expressly to discover the 
method of its production. What connection there was between Isaac 
Lawson and John Champion we do not know, but the latter obtained in 
1739 a patent for a process of distillation downward and at some time 
between 1740 and 1748 erected a works at Bristol and actually began 
the manufacture of spelter. A production of 200 tons per annum is 
mentioned. In about the year 1766, Bishop Watson visited the Cham- 
pion works and saw the process in operation, which previously had been 
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kept rigidly secret. This was the process of distilling a mixture of ore 
and carbon in a sealed clay pot, from the bottom of which a tube projected 
downward, letting the vapor condense in it and the metal drip into a 
basin. Dr. Percy saw one of these furnaces in operation in 1859. They 
were then considered rare. What is most amazing is that any of them 
should still have been in use at that time; and equally amazing is that one 
of them should have been built in New Jersey during the ’50s. 

In 1758 Champion obtained a patent upon the extraction of zinc from 
blende, including the roasting of blende. By that time, thérefore, all 
the fundamental features of the process of getting zinc from its ores, both 
oxide and sulphide, were known and practiced. In 1805 Hobson and 
Sylvester at Sheffield discovered that zinc could be rolled if it were heated 
to 100° to 150° C. 

Toward the end of the eighteenth century, Johann Ruhberg, a metal- 
lurgical operator of Pless, in Silesia, is said to have learned the art of 
zine distilling in England, which may be authentic inasmuch as the 
beginning of zinc distilling in Silesia evinces distinct traces of British 
origin. In 1798 Ruhberg constructed a furnace at Wessola, utilizing 
the pots of a wood-fired glass furnace. For raw material he used zincky 
crusts from an iron blast furnace. In 1805 Karsten studied the process 
at Wessola and introduced the use of calamine. The results were so 
encouraging that in 1808 the Government built the Lydogniahuette at 
K®6nigshuette. During the next 10 years other plants followed in rapid 
succession. The original glass pots gradually took the form of semi- 
cylindrical muffles. The first plant of Georg von Giesche’s Erben at 
Scharley had a furnace with four muffles. The gas and vapor emerged 
from the top of the charge instead of from the bottom, as in the British 
prototype, but they passed downward through a knee-shaped condenser, 
which survived for a long time in Silesian practice, and the spelter dripped 
into a pan, from which it had to be remelted, just as from Champion’s 
original furnaces. 

About the same time that Ruhberg was beginning at Wessola, 
Bergrath Dillinger was building a zine furnace at Déllach in Carinthia, 
and was exhibiting some original ideas, by employing small vertical 
pipes for the distillation. These pipes were so petty, being about 40 in. 
high and about 4 in. in diameter, that their capacity for charge was small, 
and the use of the Carinthian furnace never spread nor survived very 
long, although as late as 1840 it was still in use. It was a process utterly 
incapable of commercial development, but it gave the idea of retorts 
heated all around and also the idea of a vertical setting of them, which 
led not a few subsequent designers to try to practicalize it, all of whom 
were unsuccessful through failure to understand physical principles until 
recently, but neither the Roitzheim-Remy furnace nor the New Jersey 
furnace can be considered outgrowths of the old Carinthian. 
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The invention of the Belgian process of distilling is classically ascribed 
to the Abbé Daniel Dony, who by tradition was ordered by Napoleon I 
to find a way of making zine, obeyed orders and by means of a flowerpot 
accidentally attached to a reverberatory furnace found that zinc was 
condensing in it, received a concession of the mines of Moresnet, March 24, 
1806, and so on; all of which is legendary, except the concession, and not 
very probable. It is possible that Abbé Dony was experimenting, but 
that he was inventing is doubtful. He obtained a patent (Dec. 7, 1809) 
for a zinc-distilling furnace, but in it there is nothing suggestive of what 
subsequently became known as the Belgian furnace. The first descrip- 
tion of a Belgian furnace was given by Hollunder in 1818, who described 
from observation a furnace of this type at Stolberg, and by hearsay one 
at the St. Leonard’s works at Liége. The Stolberg furnace exhibited 
all of the essential elements of this type. Who was its designer 
is unknown. 

From this review, we may date the occidental, commercial production 
of zinc from about 1739. We may then jump ahead about 100 years to 
see what had been commercially accomplished. There are no statistics 
of production in Great Britain prior to 1855. We may conjecture that 
in 1837 it was producing at the rate of about 2500 metric tons per annum. 
In that year, according to Neumann, the production of Germany (chiefly 
Upper Silesia) was about 11 ,000 tons, of Poland about 2200, of Carinthia 
about 100 and of Belgium about 1800, a total for Europe of about 17,600. 
The predominance of Silesia and Poland (their metallurgical districts 
being in proximity) is striking. We are told that their product was 
largely consigned to India and China. Europe itself had not yet learned 
to make much use of zinc. 

In 1836 distilling was begun at the Heinrichshuette at Stolberg, near 
Aachen, and there was then introduced a form of furnace, subsequently 
prevailing in the Rheinland and Westphalia, that was a compromise 
between the Belgian and the Silesian and was known as the Belgian- 
Silesian or the Silesian-Belgian, according to the predominant charac- 
teristics. ‘Those terms long ago passed out of use, the early composites 
being gradually molded into a distinct type that eventually came to be 
recognized as the Rhenish. In the early compositions the retorts fol- 
lowed the muffle shape of the Silesians, but they were of less height, and 
while the lower row sat on the hearth an upper row bridged from shelf 
to shelf. The condensers extended from the retorts in direct line, as in 
the Belgian furnace, but they were enclosed in deep closets after the 
Silesian fashion. The retorts were banked in double tiers in an undivided 
combustion chamber. Thus, the Silesian thoughts predominated. 
Gradually, however, three rows of retorts were provided, all of them 
bridged, and the retorts changed in cross section from muffle shape to 
elliptical, the furnace leaning thus more towards the Belgian. 
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At the present time the Silesian furnace has practically passed out of 
use and we have only the Belgian and the Rhenish. As between them 
I find it difficult to express a sharp distinction. The use of cylindrical 
retorts, or retorts of elliptical cross section, with their rear ends supported 
on ledges of a middle wall and their front ends supported in a shallow 
devanture, would unhestitatingly be pronounced Belgian. A furnace 
with large elliptical retorts, with their rear ends supported by a grill, 
or banquette, in a single combustion chamber and their forward ends 
supported on ledges in a front wall divided into deep closets, would be 
unqualifiedly described as Rhenish. We find, however, some Belgian 
furnaces with large retorts and some Rhenish furnaces with a middle wall 
and are uncertain how to describe them. 

In the early days of the art the ore to be distilled was commonly 
calamine. In Upper Silesia it was of relatively low grade and the basic 
conception was quantity and low cost of treatment. In Belgium it was 
high grade and there was more consideration of percentage of metal 
extraction. The Rhenish metallurgists had high-grade ore and aimed 
toward a compromise between cost and recovery. 


From 1840 ro 1860 


About 1840 the methods of zine distilling in Upper Silesia, in Rhein- 
land, in Belgium, and in Wales (where the Vivians had begun in 1835) 
had become fairly well settled. The 20-muffle furnace created by Knaut 
in 1833 had quickly become generalized in Upper Silesia. Dominique 
Mosselman, who had entered upon the management of the industry in 
Belgium and had promoted it with great enterprise, had died in 1837, 
being succeeded by his son, who organized the Vieille Montagne com- 
pany, which then had the works at Liége (St. Leonard’s) and a newer 
plant at Angleur, the latter destined to become the nucleus around which 
this famous company grew. From 1840 to 1860 there was no noteworthy 
improvement in the art. The great concern of everyone was the eco- 
nomical combustion of fuel, the construction of furnaces that would stand 
up for a campaign of reasonable duration, and the manufacture of retorts 
that would be reasonably durable. A great worry was the enormous 
consumption of coal per ton of ore, which early established the principle 
that for the beneficiation of zinc ore it must be carried to the coal, rather 
than the coal to the ore. No one then knew much about how to burn 
coal efficiently, and metallurgists were everywhere groping. This was 
perhaps a reason why almost every works had its own design of furnace, 
and why even at the present time there is a broad diversity of forms in 
use in European practice. It would run away with my space if I should 
enter upon a description of all the furnaces that were introduced, and 
the details of practice with them. This has been done with conscientious 
care by Lodin in his “ Métallurgie du Zinc.” 
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Up to about 1860 there was no great improvement in the art. The 
furnaces were increased in size, especially as to number of retorts, without 
making any material change in their dimensions. The Silesians obtained 
an increased number by extending the hearth area. The Belgians did 
it by increasing the number of rows, getting up as high as nine, which 
passed the limit of ability to charge from the floor and necessitated the 
use of a platform. The smelters were worried by the fragility, porosity 
and other defects of their retorts, which were laboriously made by hand. 
They were also worried by high coal consumption. Direct firing was 
the common practice, first on plain grates, later on step grates, and even- 
tually with under-grate blast of air. Many experiments in respect of 
distilling cycle were made, ranging from 12 to 36 hr., with a gradual 
settling down to 24 hr. The knee form of condensers continued in use 
in Upper Silesia. 

An attempt to distill zinc for spelter was made in the United States 
at Newark, N. J., in 1850, ore from northern New Jersey being charged 
into Belgian retorts just as it came from the mines. Owing to the high 
tenor of the ore in iron and manganese, leading to excessive breakage 
of the retorts, the attempt failed. In 1856 the Lehigh Zinc Co. erected 
a distilling furnace of the Silesian type at its mine near Friedensville, four 
miles south of Bethlehem, Pa. This also was a failure. In 1856 F. W. 
Matthiessen and E. C. Hegeler, who had just come to the United States 
from the Bergakademie at Freiberg, Saxony, experimented with New 
Jersey ore, but soon they diverted their attention to the zinc deposits of 
Wisconsin and late in 1858 began the erection of works at La Salle, IIl., 
which was selected as the point where the Illinois coal field approached 
nearest to the Wisconsin mines. The works at La Salle went into opera- 
tion in 1860 and have continued without interruption to the present 
time. In 1859 Joseph Wharton built for the Lehigh Zinc Co. a Belgian 
furnace for treatment of the Friedensville ore. 

In 1869 the Glendale works were built at St. Louis to treat calamine 
from southeastern Missouri, and in 1870 the Illinois Zine Co. built at 
Peru, Ill., to treat ore from Wisconsin. When the Joplin ore came into 
the market in 1873, numerous small plants were built in the vicinity of 
Pittsburgh, Kansas. All of these early American plants were built with 
small, direct-fired Belgian furnaces, their design being substantially as 
in Europe. 

While in the metallurgy of zinc in the United States from 1850 to 1860 
there was a good deal of bungling in the process of learning how, which 
was being done by men without scientific training, except Matthiessen 
and Hegeler, there occurred one invention of the first order in importance. 
This was the grate of cast-iron plates with small conical perforations, the 
smaller diameter at the top, introduced (or adopted) in 1851 by Samuel 
Wetherill. In connection with the muslin-bag apparatus, invented by 
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Samuel T. Jones, for the collection of fume, there was evolved what has 
ever since been known as the Wetherill process, or the American process, 
for the production of zinc oxide directly from ore. Several persons 
participated in the evolution of these ideas, which were coincident and 
collaborative, but the name of Wetherill became attached to both the 
furnace and the process, and we need not be any more analytical. 

The Wetherill is a process of reduction of zinc oxide by carbon, dis- 
tilling the zinc and immediate burning of the vapor. The Wetherill 
furnace is in effect a large retort in which with the aid of an under-grate 
blast of air coal is burned internally and reduction of zinc oxide and 
immediate combustion of zinc occur in the deliberate abstention from 
maintaining the reducing atmosphere that is essential in the closed retort. 
This process was put into use at the Passaic Zinc Works in Jersey City 
in 1854, and has been in use in many plants in the United States ever 
since. In Europe, it has found scarcely any application. 

If, starting from the primitive English and Silesian practices of zine 
distilling, the introduction of the cylindrical retort of small diameter, 
bridging the combustion chamber at a small angle from the horizontal, 
heated all around, and connecting with a condenser from which spelter 
could be drawn molten, was the first great invention in the metallurgy of 
zinc, it seems to me that the invention of the Wetherill process was next 
in order. The numerous improvements in distilling practice, such as 
increase in number of retorts, modification of the daily cycle of operation, 
betterment of furnace construction, ete., were mechanical details rather 
than anything of major progress in principles. The groping for better 
art in the combustion of coal was not peculiar to the zine industry, for 
the same needs and applications existed with respect to the glass industry 
and others in which a high and uniform temperature is necessary. 

A historical review of the pyrometallurgy of zinc is rendered difficult 
by the diversity of practice among individual works, especially those of 
Europe, and the persistent retention of old methods. In this respect the 
pyrometallurgy of zinc has differed sharply from that of copper and lead. 
In copper and lead the introduction of new methods has quickly become 
general, and old plant has been scrapped. In zinc, on the other hand, 
there are to be found some plants that are modern and others that within 
themselves exhibit more or less a history of the art. A few years ago I 
found a small plant in Wales that was still using the furnaces of the middle 
of the last century; and a major plant in Belgium that had some halls 
equipped with one of the most superb of the modern gas-fired furnaces, 
and other halls equipped with direct-fired furnaces of 50 years in age. 
In this review, therefore, it is impossible to generalize practice, for the 
reason that there has been no such thing, and I may only review progress 
in knowledge and experience that might have been generally adopted. 
In American practice we have had more generalization than in Europe, 
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but we also have had diversity and a common reluctance to surrender 
old plant. 

The world’s production of zine had attained considerable proportions 
by 1860, in which year the outputs, in metric tons, were as follows: 
Germany, 55,359; Austria, 1,301; Belgium, 22,027 ; Russia (Poland), 1,838; 
France, 124; Great Britain, 4,427; Spain, 1,853; total 86,929. No pro- 
duction was reported for the United States. If there were any, the 
quantity was negligible. It is noteworthy that the largest production 
was still coming from Upper Silesia, where it was derived entirely from 
calamine, distilled in retorts that had the old knee-form condenser, which 
were used in furnaces that did not have a chimney to draft them. 
The first chimney in the district was built in 1861, at Lipine. 


From 1860 To 1880 


Prior to 1860 there had been some ideas of gasification of coal as a 
means of producing a long flame and fireplaces had been taking the form 
of boxes containing a deep bed of coal, becoming in effect partly gas pro- 
ducers, and there were also some ideas of preheating the secondary air 
expressed in the Boetius, or Mentzel-Boetius, producer, but it was not 
realized that preheating air by causing it to pass through channels in the 
walls of the producer or in those of the combustion chamber of the furnace 
was robbery of heat rather than recuperation. Soon after 1860, however, 
sound ideas began to obtain. Between 1865 and 1870 furnaces with a 
central burner and an independent gas producer were introduced in Upper 
Silesia and were in common use by 1875. In 1866 R. Wabner at Lipine 
introduced a furnace that had beneath its hearth tubular recuperators 
around which the wasting heat escaped and through which air was forced 
by a blower. Although this furnace was called a success, the manage- 
ment of the works presently abandoned it. As we now examine the 
specifications, we appreciate that the proportions were pitifully inade- 
quate. However, this was the prototype of a class of furnace that was 
in later years to be of some importance. About contemporaneously with 
the Wabner furnace in Upper Silesia, the Siemens regenerative furnace 
was being introduced at Auby, in the north of France, and proved a 
failure. In 1878 the same furnace was introduced at Peru, Ill., where it 
survived and became the forerunner of one of our standard American 
types. In Europe it became established at the Birkengang works at 
Stolberg and throughout Germany it is a furnace, or furnace principle, 
extensively used at the present time. 

The period from 1865 to 1875 appears to have been an era of experi- 
mentation, especially in the direction of gas-firing. There were many 
practical obstacles. Refractory material was not good. Heat-exchang- 
ing flues cracked. Retort breakage was heavy. Checkerworks clogged 
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with zinc oxide and coal ash. The gas producers were clumsy and ineffi- 
cient. There was no very good knowledge of thermodynamics and so 
on. A retarding influence was the idea that the gas producer ought to be 
a part of the furnace; that the sensible heat of the coal gas ought to be 
preserved. If the producer was built as a separate integer, as in the 
Siemens furnace, it was commonly too small or ill suited to the coal that 
was to be gasified. It was the invention and introduction of our modern, 
mechanical gas producers that really made the gas-firing of zinc-distilling 
furnaces completely successful. 

During this period there was occurring at La Salle, IIl., a line of experi- 
mentation and development that was to be of profound effect upon zinc 
distilling, especially in American practice, which proved partly to be good 
and partly to be bad for us. Edward C. Hegeler, whose fame in American 
annals ranks with that of Samuel Wetherill and John Price Wetherill, had 
been, like everyone else in this country, distilling with direct-fired Belgian 
furnaces. In the effort to increase their capacity, row after row of retorts 
had been added until the number had risen as high as nine. With such 
furnaces a man can charge from the floor only five rows. To go above 
that a platform had to be moved up, upon which the charge was thrown 
from the floor and thence into the retorts, which of course was awkward. 
Hegeler conceived of building a long furnace like a tunnel, putting the 
gas through it horizontally instead of from the bottom upward, which was 
in effect like building a high, narrow furnace and turning it over upon its 
side. In later years Mr. Hegeler described his idea to me in about those 
words. This also opened the way to a good deal of mechanization. A 
track could be laid in front of the furnace, and on it could be put a car 
carrying the charge, from which the charge could be shoveled directly 
into the retorts, also a car to assist the men in raking residues out of the 
retorts, a ladle car for drawing spelter, etc., all of these cars being shielded 
against the heat of the furnace and making the work easier for the men. 
It permitted, moreover, of a different organization of labor, which was 
regarded as superior, and anyway was more economical. Instead of a 
section of furnace being attended by a squad of three men, performing all 
the work, the long furnace was manned by a large crew of which groups 
performed special operations. 

Hegeler’s first large furnace was erected in 1872 and had 408 retorts 
(204 per side). This furnace had many peculiarities that were abandoned 
in later constructions, but the general principle has remained unchanged. 
At La Salle the length of the furnace was increased finally to 1008 retorts, 
but that was found to be too much and the number was reduced to 864. 
For a good many years the Hegeler furnace was used only at La Salle. 

By 1880 the several forms of distilling furnaces had become well dif- 
ferentiated and well developed. In Kerl’s ‘‘Grundriss der Metallhiit- 
tenkunde,” second edition, 1881, are descriptions of most of the types of 
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furnace that are in use today, though naturally improved in details, 
structural and thermal. The Belgians had their simple direct-fired fur- 
naces, built double (back to back) with a grate under each bank of retorts. 
Also the Hauzeur furnace, used at Auby, in which the flames drew over 
the middle wall and descending through a bank of retorts escaped in such 
a way as to afford some heat recuperation. The Angleur furnace, similar 
in principle to that at Auby, but gas-fired instead of grate-fired, was 
built as a massive comprising 400 retorts. The Loiseau furnace at Ougree, 
also gas-fired, also resembled the Hauzeur furnace. The Hauzeur fur- 
nace, let it be remarked, followed at Auby the trial there of the Siemens 
regenerative, and was a thoroughly intelligent conception. In the Rhein- 
land the three-row Rhenish furnace had already assumed a nearly defini- 
tive design, although the lowest row of retorts still sat on the hearth and 
the Mentzel-Boetius firing was still employed. At the Birkengang works 
a countercurrent recuperative furnace with 226 retorts was in use in the 
same plant with Siemens regenerative furnaces. At the Muensterbusch 
works, also at Stolberg, there were recuperative furnaces designed on the 
principle of Gaillard & Haillot, with 240 retorts. The Birkengang and 
Muensterbusch furnaces outlined quite fully what was 20 years later 
to be developed in the Convers & DeSaulles furnace at Palmerton. Bir- 
kengang distilled a ton of roasted ore (or calamine) with 1.2 ton of coal 
In Upper Silesia there were simple gas-fired furnaces and Siemens regen- 
eratives of effective design. The art of gas-firing, together with the real- 
ization of economy in fuel, had gone a long way in Europe between 1871 
and 1880. 

In the United States there were nonregenerative gas-fired furnaces at 
- La Salle and the Siemens furnaces of the Auby type at Peru, but in Kansas 
and Missouri all of the furnaces were then direct-fired Belgians of small 
size, and wasters of fuel, whose chimneys were torches to be seen from 
afar on the prairie at night. In the east at Jersey City, Newark, Bergen- 
point and Friedensville there were similar furnaces, but better built, with 
Wetherill grates and sealed ashpits, so that an under-grate blast would 
promote the combustion of anthracite fines. 

In both Europe and America practice had become standardized, 
especially in Europe, where many of the later refinements were already in 
use. Everybody had settled down to the 24-hr. cycle in distilling. 
Retorts of elliptical cross section had displaced those of circular cross 
section at Angleur and elsewhere in Belgium. A proportion of coke was 
introduced into the batch to graphitize them. The Dor press had been 
adopted at Ampsin (in 1872). At Auby an addition of 1 per cent of 
sodium chloride was made to the charge, not to improve the extraction 
of zinc but to reduce the formation of blue powder in the condensers 
Furnace campaigns lasted as long as three years. Mechanical mixing 
of the charge had been introduced in some plants. 
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A subject that was much engaging the attention of zinc metallurgists 
at this time, especially those of Upper Silesia, was imperfect condensation 
of the zine vapor. The Belgian metallurgists had early extended their 
clay condensers by attaching to them a cone or canister of sheet iron, 
effecting a prolongation that in American vernacular is called simply a 
“yrolong.’”’? The Rhenish metallurgists had done the same thing. The 
Silesians, on the other hand, had stuck to their old knee-form condenser 
until 1860. When they changed over to a straight-extending condenser 
they found themselves limited as to its length, for they had the practice of 
charging the retort with a long spoon through the condenser, and its 
length was substantially restricted to the depth of the embrasure or closet 
in which it was set. The great retort might then deliver more vapor than 
the limited condenser could handle. We see pictures of the simple Belgian 
prolong attached to a Silesian retort, but we also see pictures in the 
literature of 1871-1880 of many complicated forms, whence we may 
deduce that the subject was worrying. In my own experience, I have 
never seen a retort of 2-cu. ft. capacity, charged with high-grade ore 
(60 to 65 per cent Zn) to the densest degree to which a simple canister 
prolong did not effect complete condensation, giving a gas flame free from 
any trace of zinc. In American practice we have not generally used 
prolongs, for the reason that with our more costly labor the additional 
recovery of zinc does not pay for putting them up and taking them down, 
which with the Belgian furnace must be done every day. However, the 
Silesians solved their condensation problem in a different way, as presently 
I shall describe. 

In looking backward we may see that the zine distillers of Europe had 
already in 1880 a fairly good practice. They were quite ignorant of the 
principles of physical chemistry, for that science had not yet been born. 
They were not very analytical and comparative in respect of their 
accounts, wherefore it is rather difficult from old records to ascertain just 
what they were accomplishing. They were still making retorts by hand, 
or in some instances by the augur machine, and they were not very good. 
They appreciated the advantage of gas-firing with heat recuperation for 
their distilling furnaces, but they did not have any good gazogenes, as the 
French call them, or gas producers, as we say. The Siemens producer 
was not a good one and the early condemnation of the furnace at Auby, 
which subsequently became successful at Peru with gas from a Taylor 
producer, may have been in part ascribable to that. The art of blende 
roasting, on the other hand, was distinctly backward. 

In 1880 the production of spelter reflected the strong progress in the 
art that had occurred since 1860. Production in 1880, in metric tons, 
was as follows: Germany, 99,646; Austria, 4,310; Belgium, 59,880; 
Russia (Poland) 4,390; France, 16,332; Great Britain, 7,279; Spain 4,221; 
United States, 21,080; total, 217,138. The American production of zine 
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at this time was chiefly by the western works. The production of the 
eastern works was probably not more than 5000 tons. 


From 1880 To 1900 


The zine specialists of the ’80s had also adventured into the field of 
hydrometallurgy. The ingenious Parnell process had been applied on a 
considerable commercial scale in Swansea for the beneficiation of mixed 
sulphides from a mine in Algeria (1879-1883). At Langelsheim and Oker, 
in the Lower Harz, the mixed sulphide ores of that ancient mining dis- 
trict were heap-roasted and so sulphated that much of their zine could be 
leached out, giving a solution of zinc sulphate that could be crystallized 
out, affording a product pure enough to be used for lithopone manufacture. 

The backwardness in blende roasting up to 1880 may have been due to 
its relative unimportance. Outside of the United States the ore supplies 
were principally of calamine, and the calcination of such ores to reduce 
their weight prior to shipment was commonly practiced at the mines, an 
art that now has substantially vanished. Even with the increasing use 
of blende, it often was received first at chemical works for the manufac- 
ture of sulphuric acid, as at Baelen in Belgium and at the Rhenania works 
at Stolberg, and the calcines were thence passed on to the distiller. So 
was it that some distilleries had no roasting equipment, and for many 
years the figuring in Europe was on the basis of calamine or calcines, 
whereas in the United States it has always been on sulphide ore, or raw 
ore, or green ore, except in New Jersey and Pennsylvania. 

The roasting furnaces in use up to 1880, and in the United States for 
20 years after that, were in the main the long two-hearth Freiberg 
fortschaufelungsofen, rabbled from two sides, and the multihearth shelf 
burner in which the ore was pulled forward on the topmost hearth, pushed 
backward on the next, and soon. In the United States the shelf burner 
was preferred. Occasionally it was built above the distilling furnace and 
the waste heat from the latter was caused to pass through it, but this was 
not considered the best of practice, for the timing of the two operations— 
roasting and distilling—did not naturally coincide. With the beginning 
of utilization of blende-roasting gas for manufacture of sulphuric acid 
both the fortschaufelung furnace and the shelf burner were muffled, so 
that the gas from the roasting chambers would be undiluted by the gas 
from the firebox. While these were the standard means for desulphurizing 
blende, there were introduced here and there new contrivances, some of 
which heralded improvements to be generalized many years afterward. 
Thus the Gerstenhéfer furnace, introduced at Frieberg in 1863, which I 
saw in use there in 1893, was the primordial form of our tower furnaces and 
the suggester of the pure idea of shower roasting, which Stetefeldt two 
decades later exposed more fully. The Ross and Welter furnace that 
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was used at Oberhausen about 1880 was a clear forerunner of our mod- 
ern McDougall. 

Soon after 1880 there was a striking development in roasting furnaces. 
Edward C. Hegeler in 1881 built at La Salle the huge, mechanically rabbled 
muffle furnace that is known by his name and began the manufacture of 
sulphuric acid. From that time until about 1925 it was the only furnace 
used in the United States for blende roasting for acid manufacture, and it 
is still so used at Rose Lake, Danville and Hillsboro. During this period 
it experienced mechanical improvements, but it has remained essentially 
as described in 1881. It isan immense massive of brick masonry, of great 
capacity, costly to build, only semimechanical, gas-fired, and not very 
economical in operation. Some years ago we made a survey of its sul- 
phurous gas at hourly intervals during several days and were shocked at 
the disclosure of its poverty at the best and at its irregularity. According 
to academic rules we should not have been able to make acid from it very 
successfully, but we did. 

In Europe the development in blende roasting in the ’80s ran toward 
the perfecting of the old muffle furnaces and so there were evolved the 
Hasenclever, the Eichhorn-Liebig, and finally, as the last word, the 
Rhenania. These furnaces, especially the Rhenania, were superb exhibi- 
tions of the mason’s art. Their walls were thick, for the conservation of 
heat, and the rabbling doors were small and tightly closing for prevention 
of leakage of air into the furnace. Of the three hearths only the lowest 
was muffled in the end, for it was learned that the self-heat of the burning 
blende produced on the middle hearth a higher temperature than gas 
burning in flues under it could do. The idea in the roasting furnaces of 
this type was to produce a gas of high tenor in sulphur dioxide, a desul- 
phurization down to 1 per cent S or lower, and the minimum use of 
extraneous fuel. 

In other branches of the art there was progress during the ’80s. The 
hydraulic press for making retorts under great pressure, which had been 
invented by Emile Dor at Ampsin in 1872, came into extensive use in 
Belgium and Rheinland. In Upper Silesia the Kleeman condenser, with 
which the escaping gas was caused to pass through a bed of incandescent 
coke, was introduced. It was troublesome to keep in order, but it 
obtained extensive application and I saw it in use in 1893. A more 
general adoption that was almost contemporaneous, and eventually was 
the supplanter, was the Dagner condenser, which consists of three fire- 
clay sections, laid one above the other, with communicating holes so that 
the gas and vapor has to zigzag through them and travel a relatively long 
course. This continued in general use until the Silesian process itself 
passed out. With the Silesian furnace it was mechanically easy to cause 
the gas from the closets to pass through a main flue. Trials of this 
proved, however, that such collection was not worth while. 
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Even by 1890, or soon afterward, the production of blende by the 
mines of Upper Silesia was so much increasing, and its tenor of zinc was 
so much higher than that of the calamine, that the old furnaces were 
becoming unsatisfactory. At the Guidottohuette there were built fur- 
naces with two rows of smaller retorts in about the same way that the 
Belgian-Silesian method developed in the Rheinland half a century earlier, 
but although they excited interest they did not immediately inspire 
extensive imitation. 

By 1890 the art of zinc distilling in Belgium, France and Germany 
had become well developed. Rhenania furnaces were used for blende 
roasting and sulphuric acid was commonly made from the sulphur gas. 
Roasting was done to about 1 per cent S with the use of as little as 12 per 
cent coal and a tenor of SOz in the roast gas as high as 7 per cent. Retorts 
were made by hydraulic press out of a well compounded batch of fat clay, 
chamotte, coke dust with perhaps an addition of silica if the nature of 
the ore indicated the desirability of acidity, and the formed retorts were 
carefully seasoned. Retort life was about as high as it is now. There 
were good ideas as to the compounding of ores to counteract slag forma- 
tion, and high-iron and high-lead ores had lost their terrors. In the 
West prolongs were used on the condensers; in Upper Silesia the Dagner 
condenser was employed; either way condensation was good. Extraction 
of zine in distilling attained fairly high percentages, though not as high 
as we realize now. Retort residues were jigged to concentrate their lead, 
or if sufficiently rich in silver the entire residue might be passed on to the 
lead-smelting blast furnace. Leady spelter was refined by remelting and 
settling out the lead, which also equalized the composition of 
the spelter. 

Coal consumption was not as low as it is now, charging of retorts was 
not so dense, the percentage of reducing coal was higher, charging was 
still done extensively through the condenser, and there were other details 
to beimproved. New designs of furnaces were introduced here and there. 
Among these especial mention should be made of the Welzer, built at 
Overpelt about 1893, which was a Siemens regenerative furnace with the 
gas and air reversing back and forth in the combustion chamber in parallel 
with its longitudinal axis instead of up and down in parallel with the 
tranverse axis as in the Auby furnace. This was a distinct development 
of idea, especially in a practical way. The Welzer furnace continues to 
be one of the forms extensively used. In respect of the reversing regen- 
erative furnaces we may catalogue the original Siemens, or Auby; the 
Welzer; and the Dor, or Dor-Delattre. All others are merely minor 
modifications of these prototypes. At about the same time with the 
Welzer there began to be designs of furnaces in which only the secondary 
air was preheated, the gas being brought from the producers with as much 
as possible of its original heat, which was of course a rational conception. 


352 HISTORY OF THE METALLURGY OF ZINC 


In respect of most of this we knew as much toward the end of the ’90s as 
we do now, although we could not compute quite so well. 

About 1890 much attention was devoted to the treatment of mixed 
sulphide ores, which previously had been treated only for the production 
of zinc sulphate in the Lower Harz, for the production of zine oxide for 
subsequent distilling by the Parnell process at Swansea (1879-1883), and 
tentatively by other methods elsewhere. The new attention was inspired 
by the great occurrence of mixed sulphide ore at Broken Hill, New South 
Wales, and by the approaching exhaustion of the carbonate ores at Lead- 
ville, Colo., leaving the sulphides. Schnabel had been at Broken Hill, 
and had made a scholarly report on the subject, without offering any 
solution. I had been working on Leadville ore with hydrometallurgical 
thoughts. The metallurgical treatises of the time told me to roast 
sulphatizingly, but I found that impossible other than for an unsatisfac- 
tory proportion. I though then of roasting the ore sweet, with the idea 
that the zinc oxide would be entirely soluble in sulphuric acid, but to my 
surprise I found that solubility was poor at the best. Increasing the 
strength of the acid and prolonging the digestion accomplished nothing 
more than gelatinizing the silica and producing an unfilterable liquor. 
I reasoned that there must be formed in the roasting an insoluble com- 
pound of zine, and could thing of nothing else than a compound of zine 
oxide and ferric oxide, which I called zine ferrate. Prof. H. O. Hofman 
was skeptical of this, but he was finally persuaded to experiment and 
produced zine ferrate (or zine ferrite, as he called it) synthetically. I 
mention this episode because the subject subsequently became of such 
tremendous importance in electrometallurgy. 

Soon after 1880 there was put forward an idea of which we did not 
contemporaneously appreciate the importance and indeed did not learn 
to do so until 35 years later. This was the invention of the sulphate 
electrolytic process of Léon Létrange, which was described in a German 
patent of July 8, 1881. Létrange obtained a solution of zine sulphate by 
leaching roasted ore. He electrolyzed the solution, using insoluble anodes, 
among which he suggested lead, and for cathodes proposed zinc or copper. 
The solution was purified before electrolysis. The spent electrolyte 
enriched in sulphuric acid was used for the digestion of more ore. Herein 
lie the major elements of the modern electrolytic zine process. Létrange 
experimented in a little plant at St. Denis, near Paris, and obviously 
encountered many practical difficulties. However, he exhibited speci- 
mens of cathodes at the World’s Fair in Chicago in 1893, and thought that 
he had then overcome his difficulties, but probably he had not. 

George Nahnsen obtained patents on a process that was substantially 
the Létrange, and experimented with it at Lipine in 1893. I conversed 
with him and saw something of his work at that time. As we look back 
to his old specifications we can see that he had good ideas as to chemical 
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and physical conditions. He introduced zinc-dust purification and pre- 
scribed the correct conditions in respect of degree of purification (or 
almost so), advisable current density, circulation of electrolyte, ete. There 
were many other experimenters in this field during these two decades, many 
of them appreciating the exigency of solution purification, but no one 
then understood just what was meant by purification and how refined it 
hadtobe. Following Nahnsen, E. A. Ashcroft led the Sulphide Corpora- 
tion into the building of a costly plant at Cockle Creek, New South Wales, 
for the commercial treatment of the mixed sulphide ore of Broken Hill, 
which was then one of the great metallurgical problems. The Cockle 
Creek plant proved to be a dismal failure, not so much by reason of false 
theory as by reason of impractical development. Anyway this threw a 
wet blanket over the idea of electrolytic zinc extraction for a good 
many years. 

Among other things the pioneers were obsessed with the fallacy that 
a hydrometallurgical, electrometallurgical process would be a means for 
beneficiating the mixed sulphide ores as they come from the mines. In 
later years we learned that the electrolytic process, which is inherently 
costly, called for an enriched concentrate, rather than for low-grade ore. 

Mention should of course be made of the Hoepfner process for the 
electrolysis of a zinc chloride solution that was being developed contem- 
poraneously and was put into practical use at Fiihrfurt-am-Main, and by 
Brunner, Mond & Co., Ltd., at Winnington, in England. By this process 
chlorine was liberated at the anode, and by utilization for chemical prod- 
ucts, which could be done in a chemical factory, the cost was divided 
between two commercial products—chlorine and zinc. The Hoepfner 
process continued in use at Winnington through a rather long series 
of years, affording an annual production of about 1000 tons of high- 
grade spelter. 

Apart from this groping into hydrometallurgy and electrometallurgy, 
the commercial and technical developments of this decade, especially in 
the United States, were so diverse and so important that it is difficult to 
summarize them without wandering afield. We had the development of 
superior rolls for fine crushing, first designed by 8. R. Krom and glorified 
by Philip Argall, who wrote a treatise on the science of fine crushing with 
rolls, prior to which no one knew anything about the subject. In 1896 
A. R. Wilfley introduced his famous shaking table as a means for mineral 
separation, and contributed immensely to the ability to concentrate diffi- 
cult ores. John Price Wetherill invented his ingenious method of mag- 
netic separation, which made minerals of low magnetic quality susceptible 
and separable, and solved the previously troublesome problem of separat- 
ing the willemite and franklinite of the Franklin and Sterling mines. 
This was improved mechanically by Lewis G. Rowand. August Hecksher 
brought together the conflicting interests in those mines, causing them to 
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be absorbed into the New Jersey Zinc Co., and ending a litigation that had 
been troublesome for about 50 years. In 1895 natural gas was discovered 
at Iola, Kansas, and Robert Lanyon with his brother decided to use it for 
zinc smelting there. H.C. Meister in 1893 applied the Brown horseshoe 
roasting furnace to blende roasting at Collinsville, Ill. B. F. Hobart 
and A. B. Cockerill consolidated many of the small smelteries in Kansas 
and Missouri into the Cherokee-Lanyon Spelter Co. This gives a long 
list of things about which to think. 

In entering upon the utilization of natural gas, Robert Lanyon imi- 
tated the long Hegeler furnace at La Salle, blind to the difference between 
producer gas and what was substantially pure methane, and simply 
introduced the gas into one end of the furnace, providing a blower to 
supply air along the furnace through branches from a longitudinal main 
above it, this being similar to the equipment of the furnaces at La Salle. 
Other builders at Iola, which quickly became an important metallurgical 
center, ignorantly followed suit. The conception of firing with natural 
gas was very seductive, for a supply could be obtained by putting down 
a 4-in. well right in the smeltery yard, with but little piping to the furnace, 
and the cost of gas was not more than 3¢ per 1000 cu. ft. However, as 
late as 1900 much trouble was experienced from dissociation of hydro- 
carbons in the combustion chamber, which sometimes clogged with carbon 
the spaces between the retorts and simply reflected ignorance of the 
proper burning of this powerful fuel. Consequently, although the cost of 
smelting per ton of ore was much less than in the coal-fired Belgians 
that were being used concurrently, the extraction of zinc was so much 
less as to be quite offsetting. 

At this time zinc smelting in Kansas and Missouri was conducted 
mainly by rule of thumb. No works had a chemist, and the practice 
generally was atrocious. The charge was still mixed on the furnace 
floor, the charging of seven-row and eight-row furnaces was done from 
a platform, retorts were made by boring, and in some plants by hand 
even at this late date. Ores were bought by guess rather than by assay. 
And so on. 

This would be, however, an incorrect indictment of American zinc- 
distilling practice in general. The metallurgists of New Jersey were 
scientific men, including George C. Stone and George G. Convers, who 
had developed a good practice with the use of anthracite coal, and were 
then (in 1898) beginning the construction of the great Palmerton plant 
in which all of their experience and improved ideas were to be embodied, 
including the excellent Convers and DeSaulles countercurrent recup- 
erative furnace, which was probably the highest development of that 
type. S. C. Edgar, at Cherryvale, Kansas, in 1899 built an excellent 
plant, with short furnaces rather than long ones, free from all the fallacies 
that prevailed at Iola. The U.S. Zine Co. built a costly plant at Pueblo, 
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Colo., duplicating one of the most modern plants (Overpelt) in Belgium, 
using the Welzer furnace. The Matthiessen and Hegeler Zinc Co. at 
La Salle and the Illinois Zinc Co. at Peru had developed their respective 
practices to an efficient degree. 


From 1900 To 1915 


In Europe, G. Welzer, who managed Overpelt from 1891 to 1894, in 
1896 entered the employment of the Counts Henckel von Donnersmarck 
in Upper Silesia and remained with them as chief manager until 1903, 
during which period he introduced the Rhenish method, together with 
the Welzer furnace, and achieved full success whereas all previous efforts 
had failed. After this the old Silesian process gradually faded away, but 
I saw it in use at Paulshuette, preserved more or less as a curiosity, 
in 1928. 

The Dor-Delattre furnace, which in Belgium is now used at Rothem, 
Budel, Flone and Valentin Cocq, in France at Auby, in Spain at Aviles 
and in Germany at Duisburg, was patented in 1905. The Folliet furnace, 
in use at Corphalie and Boom, is merely an imitation of the Dor. 

In the United States, the Kansas smelters, other than Edgar, were 
not to remain backward very long. In the course of a few years chemists 
and metallurgists were added to their staffs. Otto Rissmann was one 
of the most thoughtful and most lovable among them. Mechanical 
mixing of the charge, at first in a clumsy way, was introduced. Mechan- 
seal furnaces were adopted for roasting—the Brown, Pearce, Wethey 
and Zellweger all being tried—but the Ropp became the favorite. The 
distilling furnaces were reduced from six rows high to five, and even to 
four. They were repiped so that gas could be burned in sections of their 
fronts on the Bunsen burner principle, and were otherwise improved. 
The long furnaces comprising 800 retorts were in some instances separated 
into two of 400, with the general tendency that way. So was developed 
what we may call the Iola type of furnace, from its origin in that place. 
Iola was a great metallurgical center, but with the exhaustion of its gas 
pool, a good one while it lasted, it faded away. 

It is proper to refer to the additions to metallurgical literature that 
occurred about this time. There was my own treatise on the ‘‘ Metal- 
lurgy of Zine and Cadmium” that was published in 1903 and has the 
distinction of being the first treatise devoted entirely to this subject 
appearing in any language. This was soon followed (in 1905) by the 
erudite and monumental work of A. Lodin on ‘‘Métallurgie du Zinc.” 
Emil Ginther brought out ‘Die Darstellung des Zinks auf elektroly- 
tischem Wege” in 1904. Liebig’s “Zink und Cadmium’ appeared in 
1913. It may be thought that these contributions to technical literature 
helped some in the advancement of the art. Anyway, I have been told 
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The idea of the Hegeler furnaces, which was ingenious in 1870 and 
had long been successful at La Salle, afforded a precedent in gas-firing, in 
respect of which knowledge was low, whereas the Siemens furnace at 
Rich Hill and Pittsburgh (at the old Granby works) had failed, and the 
builders of new works naturally wanted to stick to something that had 
been proved. Yet, the Hegeler furnace was inherently defective in 
principle. As I pointed out in my treatise in 1903, the execution of 
combustion in a tunnel of indefinite length would come to the point where 
there would be no combustion owing to excessive dilution of the gas with 
its own inert products. So was it that at La Salle a length was reached 
from which there had to be recession. In our most modern forms of this 
furnace, reduced to temperate length, say 76 retorts per row per side, with 
the best possible adjustment of admission of secondary air section by 
section, there is a tremendous drop in temperature from the gas inlet 
end to the chimney end, and this is detrimental in several ways to best 
results in distilling. Moreover, the manual labor is not performed to 
the best advantage in front of a flaming wall 80 ft. long. This is not a 
peculiarity of the Hegeler furnace, for the Neureuther-Siemens is also 
very long. The difference in conditions in respect of human comfort 
between our long American furnaces and the types of furnaces used in 
Europe is impressive. It has been my observation that monthly records 
in European practice are more uniform than in American, where we 
commonly experience what is called the summer slump. I have been 
inclined to associate this with the greater severity of our physical condi- 
tions, being mindful also of the naturally higher atmospheric temperatures 
that we have, especially in the Midwest. 

The same organization of labor and mechanization can of course be 
enjoyed with a row of short furnaces, end to end, as was appreciated at 
Cherryvale in 1899 and later at Iola when the long blocks were divided, 
and there is also the advantage that the maneuver is shortened and the 
time of the distilling period is correspondingly lengthened. 

As the Iola gas pool waned and as the trend of the Mid-Continent 
oil and gas field was traced southwestward into Oklahoma, zinc smelteries 
were built all along that line. There soon began to be, however, a feeling 
that supplies of natural gas were uncertain and ephemeral and that for 
the creation of a permanent metallurgical industry it was better to move 
eastward, whither the spelter had to go anyway on its passage into con- 
sumption, and where the utilization of the sulphur in the ore could be 
made in areas affording a market for sulphuric acid. Consequently we 
had erection of new plants, most of them coal-fired, at East St. Louis 
in southern Illinois, at Hillsboro, Danville and Depue in northern Illinois, 
at Terre Haute in Indiana, at Langeloth and Donora in western Pennsyl- 
vania, and at Clarksburg, Meadowbrook and Moundsville in West 
Virginia, Clarksburg and Meadowbrook were able to obtain a supply 
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of natural gas. Most of these plants were designed for the manufacture 
of sulphuric acid and were provided with Hegeler furnaces for blende 
roasting. For distilling, gas-firing from coal, we had settled down to 
two types of furnaces, the Hegeler and the old Auby-Siemens, of which 
the latter had been slightly modified by Charles F. Neureuther, super- 
intendent at Peru, and had become known as the Neureuther-Siémens. 
Nobody thought of trying anything else, not even the good furnaces that 
had been introduced at Palmerton and Pueblo. Our builders were essen- 
tially imitative. An engineer experienced at La Salle when commissioned 
to build a new plant naturally followed the lines with which he was 
familiar. Thus, for example, Langeloth built in 1914 was simply an 
exalted La Salle, while Donora designed soon afterwards by the same 
hands was an improved Langeloth. 

As we entered the twentieth century we became prepared for some 
great events, which were to have a profound effect upon our zinc industry 
and its metallurgy, if not to revolutionizeit. In 1905 I was commissioned 
by the Canadian Government to study the zinc resources of British 
Columbia and the beneficiation of its ores. In this my principal colleague 
was Philip Argall. Reference may be made to our report published 
in 1906 (Report of the Commission on the Investigation of the Zine 
Resources of British Columbia). In this it is of record that we measured 
and sensed the Sullivan as the great mine of the province, but did not 
know how its cryptocrystalline ore could be separated into commercial 
minerals. As our report was on the eve of going to press I heard of 
successful flotation of zinc blende in Australia and caused some experi- 
ments to be made with Canadian ores, with promising indications. The 
commercial introduction of the froth flotation process dates from about 
this time. It gave a new supply of high-grade sulphide ore, brought the 
Broken Hill zine ore bountifully into the market, and in the United States 
brought in the Butte & Superior ore. Important as were those events, 
the froth flotation process was for a good many years limited to relatively 
simple separations. 

On the subject of ore supplies a digression is here in order. We had 
been taught by geologists that zinc was the most bountiful of metals, 
for the reason that with depth many of our mines became more and more 
zincky. Nevertheless, about the beginning of the present century we 
began to experience a distinct shortage of ore. Within a few years this 
was ameliorated by digging up the dumps of zincky tailings that had 
been accumulating at Leadville, Colo., since 1886; by the discovery that 
deposits of calamine in the Leadville mines had been overlooked in the 
misconception that they were simply limestone; by the discovery that 
the mineralization of the Joplin district extended into Oklahoma with 
more importance than ever before; and by the proper preparation of the 
Broken Hill ore. Metallurgically this not only endowed zinc smelters 
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with new ore supplies, but also it put an end to the age-old problem of 
mixed sulphide ores and direct beneficiation of them, for if they could 
be concentrated mechanically that was a cheaper way of getting rid of 
worthless gangue than any chemical method could possibly be. 


Tue Prriop OF THE GREAT WAR 


The Great War had an instantaneous and powerful effect on the 
metallurgy of zinc. The ore of Broken Hill, which by that time had 
become a major supply, had been going mainly to metallurgical works in 
Belgium and Germany, whose metallurgists had become the most expert 
in its beneficiation. At once these outlets were cut off, with the result 
that the British had plenty of zine ore and nowhere to smelt it. This 
led to a demand upon the United States to supply spelter, and stimulated 
both the opening of new mines and the erection of new smelting works. 
Even the old Belgian furnaces of Pittsburgh, Kansas, which had been 
practically on the scrap heap since about 1901, when they had been 
unable to meet the competition of natural gas, were revamped and 
restored to ephemeral production. The U. 8. Steel Corporation built its 
great plant at Donora in the shortest time of record for such a construc- 
tion. Contracts were made for bringing an immense quantity of Aus- 
tralian concentrates to this country for smelting. Our metallurgists had 
no difficulty in treating them. 

The phenomenally high price for spelter that prevailed in 1915-1916, 
and the wide margin between spelter and zinc in ore, was really an invita- 
tion for the provision of additional metallurgical capacity, and offered 
full cognizance of the uncertainty of the future and the exigency of reckon- 
ing plant amortization in as short atime asa year. Under the inspiration 
of such an invitation the metallurgists of Trail and Anaconda, who had 
plenty of zinc ore available but no chance for its beneficiation in the 
ordinary way, were led to turn their thoughts to electrolytic extraction, 
and the old Létrange process. Ever since the failure at Cockle Creek, 
nearly 20 years prior, electrolytic experiments had been going on here 
and there, without exciting much attention or enthusiasm. The eco- 
nomic conditions of 1915, however, made it attractive to take a chance 
on anything reasonable. S. G. Blaylock was the prime mover at Trail 
and Frederick Laist at Anaconda. Both became immediately success- 
ful, meeting with many difficulties but mastering them one after the 
other. Several small electrolytic plants subsequently sprang up, at 
Park City, Utah, at Keokuk, Iowa, and other places, but they died 
soon after the end of the war, when the economic conditions in zine 
settled down. 

An enterprise was then born, however, which survived. This was 
the bold conception of H. W. Gepp, now Sir Herbert Gepp, of transporting 
Broken Hill ore from Port Pirie (the port of shipment) 1200 miles by sea 
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to Risdon, Tasmania, where cheap hydroelectric power was available 
for contract by transmission 65 miles. In the development of this suc- 
cessful enterprise I am proud to have had some part. 

The Risdon adventure was noteworthy in a good many ways. In the 
preliminary testing of the ore, which was done first in New York and 
later at Bully Hill, Calif., great trouble was experienced in plating the 
zinc, owing to an impurity that was eventually ascertained to be cobalt, 
wherefore means for cobalt purification had to be devised, this being a 
major difficulty from which Anaconda and Trail had been free. The 
first Risdon plant was a 10-ton unit, laid out on a plan to multiply units 
as experience was gained. But it was quickly ascertained that the 
economic advantage of the electrolytic process was largely in the con- 
centration of operating, and that 10 units of 10 tons each were unprofit- 
able, while one of 100 tons might be profitable. So the first plant was 
scrapped after a brief operation and a new 100-ton plant was instituted. 
Risdon was one of the first plants to receive its current from a distant 
source and change alternating current to direct current by means of 
rotary converters. The new plant was completed in 1923. 

As a digression, it may be usefully remarked that the association 
between Australian and American metallurgists that began at this time 
led to the great development of lead smelting and refining at Port Pirie, 
and subsequently through the same financial group the taking over of 
the zinc-smelting industry of Great Britain (where the great plant at 
Avonmouth had been built during the war) and improving its metal- 
lurgical practice so that it became the equal of any on the Continent, and 
perhaps in some respects superior. 

The war created a demand for zinc for the manufacture of cartridge 
brass, which required a high grade of spelter, wherefore the refining of 
Prime Western by redistilling was instituted on a large scale in Kansas 
and Oklahoma. Thus could be produced metal of something like 99.9 per 
cent fine, but of course all cadmium could not be eliminated. When the 
United States entered the war such metal could not meet our ordnance 
specifications, which could be met by only two producers. All of the 
others united in engaging me to study this problem, in which was involved 
what I had previously characterized as the cadmium myth. In this 
study I had the valuable assistance of the late W. H. Bassett. My 
finding was, in brief, that prior failures of cartridge brass by season 
cracking were due to something other than the presence of cadmium 
and that even if a high-cadmium spelter were used for the manufacture 
of brass all of the cadmium would be eliminated in the process of brass- 
making. The arguments were so convincing that the ordnance specifica- 
tions were summarily changed and redistilled Prime Western spelter was 
furnished in great tonnage for the manufacture of American ammunition, 
just as it had been previously for British, French, and Russian, and no 
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fault ever was found with it. Apart from the commercial interest of 
this episode, it intimates how slight was the knowledge up to this time 
of the effect of impurities in spelter or alloys with zinc. No one had 
dreamed of such a thing as specifying 99.99 per cent Zn for any purpose. 

The Great War inspired some researches in respect of the properties 
of zinc. It launched the electrolytic production of zinc. It stimulated 
the electrothermic production of zinc in Sweden. It led to the building 
of many new plants on the ordinary lines. When the war demand ceased, 
we found that we were everywhere overbuilt, outside of Belgium, and 
ere long many of the new plants had to be scrapped and written off. In 
Belgium most of the zinc works strung along up the valley of the Meuse 
had been seriously damaged, as had Auby, in the north of France, and 
all of these were promptly rebuilt. This deserves a remark upon the 
remarkable survival of zinc smelting in Belgium, which once could draw 
from the famous mine in Moresnet, but long since ceased to be a producer 
of zinc ore of any consequence. The continuance of the industry reflects 
skill in the art that has come down from generation to generation. We 
used to think that this was so valuable an asset that any undertaking to 
institute zinc smelting in a new country would be hazardous. However, 
we have seen such attempts consummated successfully in Australia 
(Port Pirie), in Japan, and in Mexico (Rosita), and have become con- 
verted to the belief that the training of a new personnel is not impossible 
and may possibly be beneficial. 


Since 1920 


The depression of 1920-1922 threw a wet blanket over the zinc indus- 
try, but once that had ended plans began to crystallize for the erection 
of zinc electrolytic plants in many parts of the world. Without attempt- 
ing to enumerate them in chronological order, there were erected plants 
in Japan, Italy, France, Northern Rhodesia, Poland and most recently 
at Eitrheim, near Odda, in Norway, at Flin Flon in Manitoba, Canada, 
and at Magdeburg in Germany. Of these plants the two in Poland and 
the one in Germany use coal as a source of power. All the others use 
water power. Silver King, in Idaho, and Evans-Wallower, now idle, at 
East St. Louis, use the Tainton high-density process. Magdeburg uses 
a compromise. All of the others use the ordinary low-density process. 

It is fitting here broadly to discuss the economics of the electrolytic 
process of zinc extraction. Its applicability in the early days was a 
function of the reasonable correlation of three factors; viz., good zinc, 
solubility of the ore, a substantial tenor of by-products (silver and lead) 
in the ore, and cheap hydroelectric power. Another factor is the ability 
to produce a high grade of spelter, which may command a premium. 
During the war it commanded a large premium. In 1922 there was no 
premium. In recent years there has been a moderate premium. 
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These elemental factors continue substantially at the present time, 
but with some modification. Thus, high zine solubility is not so impor- 
tant as originally, for in smelting the residue for its lead content, its zinc 
passes into the slag, from which it may be burned out, which is now a 
matter of commercial practice. Cadmium has been added to the list 
of important by-products. Of all the by-products the electrolytic process 
yields nearly 100 per cent, while in distilling practice the recovery of them 
is practically much lower, although not so necessarily. 

I have hereinbefore remarked that one of the exigencies of the elec- 
trolytic process is its application to large-scale production, this being 
most distinctly a requirement under American conditions, where, at 
least in our Northwest, a plant to produce 20,000 tons of spelter per 
annum is probably the irreducible minimum. Under foreign conditions, 
where general expense is not so heavy, where the wages for labor are 
lower, etc., smaller plants appear to be commercially operative. Never- 
theless an examination of the list will show that most of the zinc elec- 
trolytic plants of the world, except those in Italy and Japan, are of upward 
of 20,000 tons annual capacity. 

The growth in electrolytic zinc production has been in part through 
the treatment of ores that might have been transported elsewhere for 
distilling, e.g., the production at Risdon, Eitrheim, Szopienice and Magde- 
burg, but it has been largely through: (1) the beneficiation of ores occur- 
ring in remote places where no coal is available and whence the freighting 
of ore would be prohibitive; (2) the beneficiation of ores from which the 
recovery of by-products, perhaps from the purchase of custom ores, pays 
the bill. This is a broad generalization, as to which no doubt some excep- 
tions may be noted. However, in American practice we have seen two 
plants at St. Louis treating the same kind of ore and the distilling plant 
outrivaling the electrolytic plant; and we have seen straight zine ore 
produced in the extreme Northwest pass by the electrolytic centers there, 
and go all the way to St. Louis. In Upper Silesia the two methods appear 
to be about equal in respect of the cost of producing a pound of zinc. 

Contributory to the great development in the metallurgy of zinc 
that occurred during the ’20s was the invention, or improvement, of the 
process of preferential, or selective, flotation. We had previously been 
able to make two-mineral separation, but were embarrassed by three- 
mineral separation and complex cases generally; also in respect of some 
of the worst instances of cryptocrystalline mixtures. My first observa- 
tion of the marvelous separation of the difficult ore of the Star mine in 
the Coeur d’Alene was at Kellogg in 1922. I had previously had a prob- 
lem in connection with ore from the Saxberget mine in Sweden, that was 
being smelted at Trollhattan. While it was being concentrated by 
flotation in Sweden the enrichment was not very high. I sent a parcel 
of the ore to flotation experts in Arizona, who were unable to accomplish 
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anything better than was being done in Sweden. After seeing what was 
being accomplished at Kellogg I sent a parcel of the ore to the experts 
there. They immediately reported ability to make a very clean separa- 
tion. Whether from Kellogg, or from elsewhere, the news of the new 
technique spread rapidly, and by 1926 we began to have new ore supplies, 
enriched in zinc to a high degree, coming from mines in many parts of 
the world. Reference to the statistics, which on this subject are very 
good, show that the great tonnage of blende concentrate derived from 
mixed sulphide ore has been raised to 50 to 60 per cent zinc and reduced 
in lead to 0.5 to 3. per cent. 

Flotation concentrates in immense tonnages introduced new problems 
for the distillers, especially those of the United States, most of which are 
situated at great distances from the mines and operating on a custom 
basis, requiring many handlings. This was more of a problem in the 
United States, where the handling of ore through the plant is done 
mechanically and on a larger scale than in European plants, where the 
tonnages are less, the handling more gentle, and the use of shovels and 
wheelbarrows more extensively surviving. At least, such was my con- 
temporaneous observation. 

When the flotation concentrates were first received in Oklahoma, in 
roasting on single-hearth Ropp furnaces, not making sulphuric acid, and 
mixing with coarser ores, we managed to get along, incurring more of a 
dust loss than was comfortable. When, however, these ores began to 
come to eastern plants, for roasting in multiple-hearth Hegeler furnaces, 
the dusting became prohibitive, not only owing to physical loss, which 
rose to a staggering figure, but also owing to inability of the plant per- 
sonnel to labor in an atmosphere so dusty. This led by force of circum- 
stances to a complete revision of the ore-handling and roasting methods 
in most of the major American plants. Before describing this, how- 
ever, I should refer to the introduction of the sintering process, 
almost contemporaneously. 

The idea of sintering calcines from the blende-roasting furnaces 
originated with Gilbert Rigg, who put it into commercial application at 
Port Pirie in 1917, where zine distilling was still being done. Rigg 
roasted the ore down to about 9 per cent sulphur, then mixed with it a 
proportion of green ore and fed it to a Dwight-Lloyd sintering machine, 
igniting the bed at the head end, executing the classic sulphate-sulphide 
reaction and effecting almost complete desulphurization, at the same 
time fritting the ore into a cake. This became, therefore, an autogenous 
roasting, desulphurization being effected by self-burning, except for a 
very small quantity of oil required for ignition. In almost any good 
roasting furnace the blende would self-burn down to 9 per cent sulphur. 
Besides effecting this, the physical condition of the ore thus desulphurized 
was so improved that it reduced more easily than unsintered calcines 
and gave a higher percentage of zinc extraction. 
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The results reported from Port Pirie were so astonishing that at first 
they were received with some incredulity. Before we got ready in this 
country to turn seriously that way experiments were instituted by the 
Vieille Montagne company at Baelen, Belgium, with the difference that 
there the ore was first dead-roasted and then was mixed with about 6 per 
cent of fine coke and thus sintered, this becoming known as the Baelen, or 
Bellefroid, process. It introduced the fear that there might be some 
unwelcome prereduction of zinc oxide and volatilization of zinc. 

In Europe the Rigg process was introduced at Seaton-Carew in 1921. 
In 1923 Otto Rissmann introduced it at Bartlesville, Okla., and in 1924 
it was pronounced as being beyond the experimental stage. This instal- 
lation was followed by one at Collinsville, Okla. In 1925 sintering was 
begun at Avonmouth and at Arnao (Spain). About the same time a 
pilot plant was installed at Langeloth, but the decision in the end was in 
favor of the Baelen process. All subsequent introductions in the United 
States followed this lead. There remained perhaps a certain Rigg flavor- 
ing, inasmuch as a little sulphur as sulphate was left in the preroasted 
ore, but not enough to result in material loss of sulphur or let the gases be 
a social nuisance. 

In the revision of American roasting practice that began in 1927 and 
was pretty well completed in 1928-1929, the old Hegeler furnaces were 
discarded in favor of furnaces of the McDougall type. Rose Lake and . 
Donora adopted the Herreshoff furnaces, 12 hearths high at Rose Lake 
and 16 at Donora, but Langeloth adopted furnaces from the design of 
M. F. Warner and myself, in which the wall was built of exceptional 
thickness, in which cooling air was positively forced through a central 
column and stirring arms, but in reverse direction from the ordinary, 
and in which there were means to redistribute preheated air among the 
several hearths of the furnace, following the thought in my U.S. Patent 
786567, of 1905. The ore was dried on top of the furnace and spilled 
over into a gutter, from which it was fed mechanically into the first hearth 
and into one or more of the hearths below it. The idea was to conserve 
heat, transfer it from places where there was a surplus to places where 
there was a deficiency, and so effect autogenous desulphurization, which 
was substantially accomplished. The Langeloth furnaces were 12 hearths 
high. Similar furnaces were later built at Rosita and at Magdeburg. 

The Langeloth installation differed from others also in that whereas 
they were provided with Cottrells as scavengers of dust and fume, at 
Langeloth the furnaces were drafted by exhausters through Whitmore 
Siroccos, the idea being to return collected dust directly into the furnaces 
where originating. Whether of the best conception or not, it is the fact 
that Langeloth has for seven years made sulphuric acid by the chamber 
process with no other means for purifying the roaster gas. 

As regards mechanical handling, it was found that if the flotation 
concentrate, received as a stiff mud, containing about 10 per cent water, 
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were dried down to about 4 per cent, it could then be put through the 
preliminary processes without dust loss and could be carried by inclined 
conveyor belt to the tops of the roasting furnaces, on which drying could 
be completed. From the roasting furnaces the calcines went through 
coolers, etc., in a closed circuit. The dust loss was in these ways reduced 
to small proportions. 

The revision in American ore-handling and desulphurizing practice 
that was thus made at Langeloth, Rose Lake and Donora cost about 
$1,250,000 per plant, perhaps somewhat more at Donora. Other plants 
adopted furnaces of the McDougall type, sinterers, etc., but none so 
extensively as the three just mentioned. 

The next step in blende roasting was the development of shower 
roasting at Trail, where the interior hearths were removed from a Wedge 
furnace and the ore was showered down, burning in a flash. We have 
seen that the idea of shower roasting was first suggested in the old Gersten- 
héfer furnace. In our 12-hearth and 16-hearth McDougalls there is a 
good deal of the shower effect as the ore falls through their numerous 
drop holes. The high efficiency of those furnaces is largely ascribable 
to that. The culmination of the idea at Trail is interesting in many 
ways. Apart from the great increase in furnace capacity and the perfect 
control over the desulphurization, there are no hearths to be barred for 
. removal of accretions, no rabble arms to be replaced and no doors to be 
opened, letting in false air, and less power to operate. On the other 
hand, there is the penalty of a large dusting, to be subsequently collected 
outside of the furnace. 

Shower-roasted calcines have been used with great success for lixivia- 
tion at Trail. They have been used by the Illinois Zine Co. for sintering 
for distillation in the old way. They have been used at Meadowbrook 
by the Grasselli Chemical Co. for briquetting for distilling by the New 
Jersey continuous process. These form, therefore, a wide variety of 
application. Nevertheless we are not yet sure that the process is a 
general substitute for prior methods of roasting, being conscious of trouble 
with it that has been experienced with some ore. Some ores may require 
regrinding after drying to make them fine enough and some ores may 
have a gangue that leads to building up in the bottom of the furnace. 
Consequently, we should hesitate about adopting it in a new plant in the 
absence of trial of ore, and this might be a deterrent in the instance of a 
custom plant that is bound to receive many ores. 


Continuous DISTILLING 


The old Carinthian furnace, with its vertical retorts, inspired many 
thoughtful metallurgists to try to practicalize its idea. One of these 
constructions was that of Binon and Grandfils, which was tried at Stol- 
berg about 1880. The Chenhall furnace, which was also introduced about 
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1880 and is referred to in the technical journals of that period, was never 
used practically, nor was the Keil furnace, described in 1888. 

The early inventors along those lines overlooked the difficulties of 
hanging of the charge, of the inability of gas and vapor to work out 
through a column of fine ore, and the physical principle that in distilling 
a charge of zinc ore and carbon we must get through with preliminary 
reactions prior to active distilling, else we shall condense the zinc too 
largely as blue powder. ‘The same natural difficulty baffled the electro- 
thermic distillers. 

Just prior to the beginning of the Great War the Roitzheim-Remy 
furnace, with vertical retorts, was said to be promising great things, trials 
having been made at Oberhausen (Hamborn) in 1912. It passed out of 
sight but returned again into view in 1925, following the installation of a 
plant with five furnaces, each of 22 retorts (11 per side) at Niederschéne- 
weide, a suburb of Berlin. Later a furnace was erected at Bensberg and 
one at Avonmouth, both of which were condemned after brief operation. 

The Roitzheim-Remy retorts are of annular cross section, about 22 in. 
in inside diameter and about 6 ft. high. Inside of the retort, which is 
externally heated, is a central tube into which the gas and vapor of dis- 
tillation pass through apertures, from which communication is made 
to a large condenser projecting horizontally from the furnace. The 
interior construction is complicated and the furnace is costly to build. 
Its use at Niederschéneweide, which continues, is confined to the distilling 
of galvanizers’ skimmings and ashes. When aretort becomes defective it 
is lost until the furnace is rebuilt. Apart from that drawback, it is a 
continuously working furnace, ore being charged into the top and residue 
withdrawn from the bottom. 

The Roitzheim-Remy furnace was followed by the New Jersey process 
of continuous distilling in a vertical retort, which is not to imply that 
the New Jersey process was in any way an outgrowth of Roitzheim-Remy 
experience it being rather an outgrowth of experience with briquetted 
charges in the manufacture of zinc oxide. The New Jersey process will 
be described in a subsequent monograph in this volume (p.427), wherefore 
I shall confine myself to broad comments. The use of carborundum 
retorts gave good conduction of heat and permitted the retorts to be 
made unusually wide; viz., 12 in. The introduction of the charge as 
briquettes preserved large interstitial spaces, permitting internal con- 
vection and radiation of heat and affording easy egress for gas and vapor. 
Previous coking accomplished the condensation of zinc vapor as spelter, 
free from the oxidizing action of carbon dioxide, the gas escaping from the 
condenser being under 1 per cent carbon dioxide, which matches the gas 
from the horizontal retort at its best. 

Another continuously operating vertical retort is that of Gaskill, 
commercialized by the St. Joseph Lead Co. at Josephtown, Pa. At 
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Josephtown the retorts are circular in cross section, 60 in. in diameter, 
and 22 ft. high between the electrodes. Inasmuch as the heating is 
internal, developed through resistance of the charge, a large diameter is 
permissible. The charge is sintered and carefully sized, so as to have 
free interstices and permit the escape of gas and vapor. ‘The latter 
is burned immediately upon issuance from the furnace and the zinc 
is collected as oxide. So far the Josephtown furnaces have been used 
only for the production of oxide. (See p. 599.) It is believed that 
they may be adapted to the condensation of spelter, but that has not 
yet been commercially accomplished. 

The idea of distilling zinc in an internal, electrically heated retort is 
about as old as the idea of the electrolytic process, going back to the ’80s. 
About 1901 a good deal of work on this line began in Sweden, especially 
by Dr. Gustav DeLaval, and elsewhere in Europe. Some of the early 
ideas were sound; others were manifestly unsound and impracticable. 

There was a common disregard of the principle that zinc ore cannot be 
distilled continuously without prereduction without an excessive con- 
densation of zinc vapor as blue powder. Also there was a disregard of 
the principles of lead smelting and zinc smelting involving widely different 
thermal conditions, and the idea of tapping molten lead and molten spelter 
from the same furnace was held to be chimerical. Finally, it was felt that 
electrothermic smelting is an expensive way of getting rid of the gangue 
of the ore. We learned in the course of time that the consumption of 
current in making slag was about as much as in reducing the zinc; more- 
over, that in making an easier melting slag it carried away zinc, just as in 
lead smelting, and zinc extraction either as spelter, as powder or as fume 
was relatively low. 

In 1903 a company was organized to exploit the DeLaval process and 
commercial plants were built at Trollhattan, Sweden, and Sarpsborg, 
Norway. In 1909 Trollhattan had nine ore-smelting furnaces, each of 
350 hp., and in 1913 it had 18 furnaces, each of 500 hp. In that year the 
production of spelter was about 2100 metric tons. During the war four 
more furnaces were added and the production rose to between 8000 and 
10,000 tons per annum. In five years, 1916-1920, about 50,000 metric 
tons of ore were smelted, yielding nearly 20,000 tons of crude spelter. 
The bulk of this production occurred in 1916-1918. In 1924-1930 
production was at the rate of about 5000 tons per annum. Early in 1931 
production ceased. Since then there has been no electrothermic furnace 
in use for the production of spelter anywhere in the world, so far as I know. 

The early Trollhattan furnaces were single-phase, with bottom con- 
tact and one movable top electrode. Each furnace connected with its 
own brick-lined condenser and zinc was obtained partly as spelter and 
partly as blue powder. 
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Toward 1920 some larger furnaces were built, with improved electrical 
operation, and the original idea of trying to condense zinc directly as 
spelter was abandoned. In the new practice the furnaces were operated 
at higher temperature, all of the zine and lead was volatilized and con- 
densed as blue powder, and the gangue was drawn off as a highly siliceous 
slag, about 50 per cent silica, which had the advantages of reducing dilu- 
tion of the ore with fluxes so as to make anything like a singulo-silicate 
slag, and also reducing the quantity of zinc entering the slag and with it 
to be carried away and lost. 

The condensed blue powder was re-treated in a rotary furnace, elec- 
trically heated, in which the oxidized skin and sprouts on the particles of 
zine (globular under the microscope) were rubbed off, so permitting them 
to melt down, this being the ingenious process of Mr. Cornelius, who was 
metallurgist at the plant. From the Cornelius rotary furnace, leady 
spelter was tapped. This was refined by redistilling in a third, electrically 
heated furnace. 

Consequently the Trollhattan metallurgists came around to recogni- 
tion that the distilling of zinc from ore is necessarily a two-stage process, 
which may consist of (1a) prereduction and (1b) distilling for spelter; or 
(2a) distilling for blue powder and (2b) re-treating the blue powder 
for spelter. 

The Cornelius process for treating blue powder was, of course, quite 
different from the old Montefiore process, used in the early days of zinc 
metallurgy on the Continent, in which the blue powder was melted down 
under pressure, compelling the zinc particles to coalesce and naturally 
producing a spelter so contaminated with zine oxide that it would be 
useless under present commercial conditions and probably was objection- 
able in the olden days. 


Direct Zinc OXIDE 


Along with the beginning of the production of spelter in Missouri and 
Kansas, several small plants for the direct manufacture of zinc oxide, or 
of leaded zinc, from the low-grade calamines were built here and there. 
Scarcely anything remains known in respect of their experiences, which 
probably were ephemeral and unimportant. The first noteworthy 
adventure in this field was the beginning of production (in 1882) at 
Mineral Point, Wis., in which the brothers D. B. and T. D. Jones were 
leaders, and the outgrowth of which was the Mineral Point Zinc Co., now 
a subsidiary of the New Jersey Zine Co. In this plant the original instal- 
lation was of the Wetherill furnace as used in the East, but gradually this 
was modified until there was created a distinct western type. Who was 
the author of this is unknown, but W. C. Smith had much to do with the 
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At the plants in New Jersey and Pennsylvania the Wetherill furnaces 
were individual units, although built together in a block, and from each 
one, or each grate, the products of combustion were piped separately 
to the main exhaust, the control of blast and exhaust being individual. 

In the western furnace a block was divided transversely into a series of 
grates, arched over, but opening into a large overhead chamber, through 
which the products of combustion were drafted. Differences in the 
working of individual grates were thus equalized and operating conditions 
were less rigid than in the eastern furnaces. The two types of Wetherill 
furnaces are now distinguished and described as the Eastern Wetherill 
and the Western Wetherill. 

In 1907 an important oxide plant was built at Coffeyville, Kansas, 
and since then there have been plants at Canyon City, Colo., Leadville, 
Colo., Hillsboro, Ill. (1920) and Columbus, Ohio (1920). The production 
of zinc oxide and of leaded zinc (zinc oxide plus lead sulphate) in these 
western plants has attained large proportions. At most of them the 
Western Wetherill furnace is used. 

Apart from the introduction of the Western Wetherill furnace, the 
Wetherill process experienced but little change for 50 years. About 1903 
charging from overhead was introduced at Palmerton, but this, like other 
improvements in the process up to that time, was only of mechanical 
nature. The great improvement in the manufacture of zinc oxide directly 
from ore occurred in 1920 when the metallurgists of the New Jersey Zinc 
Co., among whom J. A. Singmaster was instrumental, conceived the idea 
of briquetting the charge, making it up into briquettes of double-pyramid 
shape. This immensely simplified the handling of the furnaces besides 
improving the extraction of zinc. Whereas with a loosely mixed charge 
the furnaces had to be operated under seal and there were constant 
occurrences of the air blast breaking through the charge bed and forming 
craters, with the briquetted charge combustion could be performed with 
open doors, the briquettes burning like anthracite coal on an open grate 
in a domestic fireplace, effecting the reduction of zinc oxide in the open. 
The operation was easier on the grates and there were other advantages, 
but of course the cost of briquetting was considerable. 

From the burning of briquetted charge on stationary grates the 
transition to a traveling grate, continuously working, was a natural 
thought. This had long been an ideal. As far back as 1910 some 
tentative experiments toward adaptation of the Dwight-Lloyd traveling 
grate (as used in the sintering machine) with updraft for this purpose had 
been made, and about the same time J. A. Singmaster suggested a tunnel 
type of furnace through which the grates were to be carried on cars. The 
standard Coxe stokers used for burning coal in steam-boiler practice also 
offered a suggestive precedent. In preliminary trials along these lines 
one difficulty proved to be the formation of blowholes along the sides. 
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The introduction of the briquetted charge abolished all trouble in that 
way, and the mechanical Wetherill furnace of large size and capacity 
naturally followed. In 1924 the New Jersey Zinc Co. had six such fur- 
naces in operation, treating 300 tons of ore per day. With no great differ- 
ence in the proportion of coal per ton of ore as compared with previous 
practice, the intimacy of contact by virtue of briquetting and the regu- 
larity of conditions by virtue of mechanical operation resulted in increase 
in the percentage of zinc extraction and, of course, saving of labor. 

The Wetherill process in its purity has been confined to the direct 
manufacture of zine oxide of commercial quality. Similar processes, 
using the same means for filtering the smoke, but designed to make only 
an impure oxide as a metallurgical between product, as a means for 
concentrating zinc were early introduced. F. L. Bartlett, first at 
Portland, Me., and later at Canyon City, Colo., in the late ’80s and early 
90s used a form of Wetherill grate for this purpose and smelted the 
clinkered residue in a low-blast furnace, collecting the fume from both. 
Bartlett was distinctly a pioneer in the treatment of mixed sulphide ore, 
by burning out their zinc. R. G. Hall, at Florence, Colo., much later 
smelted in a reverberatory furnace, collecting copper matte and fuming 
off the zinc. His zinc fume was subjected to electrolytic extraction at 
Keokuk, Iowa. Pape, in the Lower Harz, burned off zinc in a grate kiln 
and produced zinc fume for subsequent metallurgical treatment. 

All of these processes were suggestive, but none of them amounted to 
much for commercial use; perhaps owing to imperfect mechanization, 
perhaps because a real need for them had not yet arisen. In metallurgical 
theory the genesis of all of these processes goes back to the original 
Wetherill invention. 

A great development in processes of this kind occurred about 1925, 
following two important conceptions, neither of which was really new. 
One of these was the introduction of the Waelz furnace—a long, revolving 
cylinder much like the revolving cement kiln—in which a mixture of zinc 
ore and carbon is burned so as to expel the zinc from the ore. The 
requirement for carbon is relatively small, because after the utilization 
of its energy for the reduction of zinc oxide the burning of the zinc vapor 
gives back a corresponding quantity of energy right in the furnace, where 
it is needed. The other important development was that the residues 
from zinc-leaching (electrolytic) plants having been passed on to lead 
smelters for extraction of their lead content, silver, etc., with the natural 
production of a zinc slag, the latter could be resmelted economically with 
further addition of carbon, for expulsion of its zinc. 

The Waelz process, which was developed in Upper Silesia in 1923 and 
was commercially applied in 1925, is a relatively cheap method for the 
concentration of zinc from low-grade ores, especially calamines, and is 
extensively used for that purpose all over the world. The dezincing of 
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slags in various forms of cupolas and other furnaces is also now practiced 
extensively, especially as an appendage to electrolytic extraction. It is 
possible, therefore, to bring the ultimate extraction of zine up to nearly 
100 per cent, although of course additional costs are incurred in doing so. 
The residues from Great Falls, Trail, Viviez, Baelen and Magdeburg are 
thus beneficiated. A great accumulation of zinc slag at Port Pirie, New 
South Wales, awaits similar treatment. 

It is naturally desirable to extract the maximum percentage of zinc 
from any ore by leaching, but imperfect solubility of zinc, through the 
formation of zinc ferrate, which was long a drawback in electrolytic 
extraction, is not so important as formerly, inasmuch as undissolved zinc 
may be recovered by the scavenging process. 

Under this head, mention should be made of the process of dezinc- 
ing old brass junk that was introduced and highly developed at Car- 
teret, N. J. 
ww All "of these processes for the recovery of zinc as oxide give a fume 
containing from 60 to 70 per cent zinc, its grade being run down by 
lead, which naturally fumes along with the zinc. Such fume is available 
for distilling for spelter, and for return to the electrolytic process, 
but in the United States it is largely passed on to the manufacture 
of lithopone. 


REFINING OF SPELTER 


The refining of spelter has been practiced from early times, especially 
for deleading. In the distilling of lead-bearing zinc ore a certain propor- 
tion of its lead goes over with the zinc and condenses in the spelter. In 
remelting, lead settles out to a degree correlating with the temperature. 
In general practice it is possible to reduce the lead content to something 
like 1.25 per cent. This remelting has the further advantage of equalizing 
the furnace product, which, owing to variations in furnace temperature, 
will differ from section to section. Even if the spelter does not require 
deleading, it should be equalized for the sake of uniformity and the 
satisfaction of customers. 

There has been no method for refining spelter by eliminating iron. 
However, high iron is almost always evidence of bad practice in distilling 
and handling. 

Not until recently has there been any method of refining to eliminate 
cadmium, but inasmuch as cadmium comes over in the first part of the 
distilling operation, a classification may be made by keeping separately 
the several draws of spelter. Prior to the advent of the electrolytic proc- 
ess, all high-grade spelter was mainly a consequence of distilling selected 
ore, lead-free or cadmium-free, or both. In recent years there has been 
some practice in deleading and decadmiumizing ores, which may be 
accomplished in connection with the sintering process. 
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Apart from these methods, the refining of spelter until recently has 
been confined mainly to simple redistilling, but that does not succeed 
ordinarily in eliminating cadmium. During the Great War, Prime West- 
ern spelter was redistilled in immense quantity at works in Kansas and 
Oklahoma by the use of adaptations of the ordinary ore-smelting furnace. 

During the same period crude spelter was electrolytically refined at 
Baltimore, Md., but the process was too costly to survive after the war. 

It remained therefore for the New Jersey Zinc Company’s process of 
reflux refining, an adaptation of fractional distilling, to accomplish per- 
fect refining. This furnace was introduced commercially about 1934 and 
is now used in the United States, Great Britain, Belgium, Germany and 
Poland. As it is to be described in a separate monograph in this book 
(p. 445), no further remarks about it are necessary here. 


Su.tpHuric AcID 


Although the manufacture of sulphuric acid from zine blende overlaps 
into the field of industrial chemistry, reference to it properly belongs in 
this historical review. Zinc blende contains one unit of sulphur for each 
two units of zinc, and 2000 lb. of blende concentrates assaying 60 per 
cent zinc will yield close to 2000 lb. of sulphuric acid of 60° Bé. or 76.6 per 
cent monohydrate. Apart from the inherent value of the sulphur itself, 
zinc metallurgical works from early times existed in settled communities, 
wherein sulphurous gas could not be turned loose without creating a social 
nuisance and incurring pecuniary liability for damage. Consequently, 
when blende began extensively to replace calamine as the source of zinc, 
the metallurgists were forced to restrain the sulphur. The manufacture 
of sulphuric acid was the most practicable method, and the chamber 
process was at first the only one available. This was done in Europe 
during the ’70s. In the United States, Matthiessen and Hegeler began 
to do it at La Salle early in the ’80s. 

The zinc smelters of Kansas and Oklahoma, situated in areas of 
relatively low economic development, wherein they neither do very much 
damage nor have any market for acid, waste their sulphur, except at 
Bartlesville, minimizing nuisance by dispersing it through high chimneys. 
The absence of a market for acid, or the glutting of a market, has always 
been troublesome to zinc smelters everywhere. It has been a common 
practice in Europe to consign the ore to one place for roasting and acid 
manufacture, and subsequently to transfer the calcines to another place 
for distilling. This has also been done in the United States, but not 
extensively. Owing to this economic procedure, many zinc metallurgical 
works in Europe include no roasting department; but in the United States 
practically all of our zinc metallurgical works are, and always have 


been, integrated. 
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About the end of the last century the contact process of making sul- 
phuric acid, originating in Germany, was introduced at Mineral Point, 
Wis., and in 1906 Depue followed. When the development of petroleum 
refining in Oklahoma created a local market for sulphuric acid, Bartlesville 
began to make it and adopted the contact process. Later it was adopted 
at other plants. However, the great bulk of the sulphuric acid from 
blende roasting continues to be made by the chamber process. 


LitHopone, Zinc Dust, Zinc CHLORIDE, ET CETERA 


In present practice the manufacture of lithopone, for pigment, etc., 
belongs distinctly to the metallurgy of zinc. This substance was first 
commercially produced in the United States by Cawley, Clark & Co., at 
Newark, N. J., in 1903. For a good many years it did not make much 
headway, but through chemical research that corrected some of its original 
defects, the industry went ahead by leaps and bounds, this having been 
especially noteworthy since 1920. In the earlier days the raw material 
was a variety of zinc products of more or less refuse character, but in 
recent years the lithopone manufacturers have turned to zinc sulphide ore, 
especially that from Oklahoma, as their raw material and have become 
competitive for it with the distillers. 

The Oklahoma, or Tri-State, ore after dead-roasting has high zinc 
solubility, the formation of zinc ferrate in roasting being quite negligible. 
The lithopone manufacturers roast, leach and purify in just the same way 
in principle that the electrolyzer does, but having obtained a purified 
solution, the degree of refinement being more or less the same for either 
process, the lithopone manufacturer precipitates the zinc as sulphide by 
means of barium sulphide, whereas the electrolyzer plates it out as metal. 

Of the same competitive nature is the recent process of ‘‘bethanizing”’ 
developed by Mr. Tainton, which in 1936 was commercialized on a large 
scale by the Bethlehem Steel Co. In this process the zinc from solution 
derived from ore is plated continuously on steel wires drawn through the 
cell, the steel being the cathode instead of the aluminum in the ordinary 
electrolytic process. 

In a review of zinc metallurgy we must not overlook the important 
branch of reworking by-products, especially galvanizers’ dross, skimmings 
and ashes, and miscellaneous junk, in all of which considerable skill 
is exhibited. 

Galvanizers’ dross in the United States is mainly distilled for spelter. 
This is done in the ordinary ore-smelting furnaces or in special furnaces 
having large, bottle-shaped graphite retorts, standing upright, or nearly 
so, the furnace being direct-fired. In recent years galvanizers’ dross has 
been extensively distilled and condensed as powder, which is accomplished 
by sudden chilling in a large canister, the zinc precipitating as snow, so to 
speak, instead of as rain, as in the ordinary, hot condenser. The conden- 
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sation of zinc in the prolongs of the ordinary condenser occurs as powder, 
and in Europe the commercial zinc dust is made as a by-product in that 
way. Zinc so condensed, however, has a certain oxidation of its globules, 
and in the United States the specifications for this product have been so 
severe that prolong dust could not be graded sufficiently high to comply 
with them. However, commercial zinc dust is seldom made directly from 
ore in the United States. In Europe galvanizers’ dross is used extensively 
for manufacture of oxide. 

Galvanizers’ sal skimmings are redistilled in mixture with ore. They 
may be distilled alone, but their high chlorine, perhaps 4 per cent, causes 
that to be an unpleasant job. In the United States sal skimmings go 
mainly to the manufacture of zinc chloride. 


CONCLUSION 


One thing that must be especially striking in this historical review is 
the extent to which our ideas in present practice, in respect of which we 
are prone to pride ourselves, really date far back; and recognizing that 
our grandfathers had correct conceptions, much of what we have done has 
been to improve them and practicalize them by better mechanization, 
chemical and physical refinement, etc. Thus we have seen the idea of 
shower roasting not only outlined but also applied by Gerstenhéfer; the 
Auby-Siemens furnace designed, tried and condemned 70 years ago and 
now extensively adopted in both Europe and America; the electrolytic 
zinc process outlined by Létrange about 1880; and so on. 

It is fitting to end this historical review with a summary of the state 
of the art at the present time, especially with reference to the old cyclic 
process. This is a difficult thing to do with any brevity, for the reason 
that so many survivals of old furnaces and old practices continue to exist, 
reflecting a peculiar psychology in zinc metallurgy upon which I have 
commented hereinbefore. Any idea of attempting to summarize all 
this would develop into composition of the order of a treatise. The only 
way out is therefore to confine ourselves to a summary of what may be 
considered as the best. practice, with some distinction as between Europe 
and America. 


Sintering Zinc Ores 


By H. J. Srexsui,* Memper A.J.M.E. 


Tue first sintering of zinc ores was done at the Bartlesville plant of the 
National Zinc Co., under the auspices of the late Otto Rissman. Mr. 
Rissman, who had had a long experience in the treatment of zinc ores, 
well realized all the difficulties of satisfactorily roasting zinc concentrates, 
which were becoming finer and dustier as each year went by—thus 
increasing the difficulties of roasting them in the existing forms of roasters, 
which were furnaces of the Ropp, Hegeler or similar types. 

Mr. Rissman’s idea of the advantages of sinter was expressed in this 
way: in a zinc ore dead-roasted in a mechanical furnace there are many 
particles that are just like an egg; that is, they have a hard and impervious 
film of fused material on the outside, and in the retorting this completely 
cuts off access of the reducing gases to the center of the egg until a 
temperature has been reached at which this shell of the egg can be broken 
down through fusion. A particle of sintered zinc sulphide, on the con- 
trary, is exactly like a piece of sponge. The moment the retort reaches 
the temperature at which the reactions can take place, they begin, because 
the reducing gases have ready access to the interior of the particles by 
means of the pores of the ‘“‘sponge.”’ His faith in the advantages of sinter 
was amply borne out by the results obtained at the pioneer sintering plant 
for zinc ores installed by the National Zine Company. 


Earty METHOD oF SINTERING 


The method of procedure at Bartlesville was to roast the zinc con-— 
centrates down to somewhere in the neighborhood of 8 per cent residual 
sulphide sulphur; to cool these, then to wet them down to the proper 
moisture and mix them in the mixer of the sintering plant; then to sinter 
them by means of the heat available from the residual sulphides. The 
sulphur contents of the roast varied considerably, of course, as it was 
difficult with the furnaces in use to control the roasting exactly at any 
point short of dead roast. Hence at times the concentrates were roasted a 
little too low to sinter readily, and at such times the lack of sulphur was 
made up by the addition of raw concentrates to the sintering-machine 
charge in suitable amount. 
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The resultant sinter was quite a different product from what sintering- 
plant operators had been in the habit of calling ‘“‘sinter.” It was very 
friable, because the Joplin concentrates being treated were nearly pure 
zine sulphide, and contained only very small amounts of gangue matter; 
so that really the sinter made from these Joplin ores consisted of particles 
of zinc oxide stuck together by a thin film of fused oxide mixed with a very 
small amount of slag. In this sinter the shape of the original ore grains 
was retained to a considerable extent, and they could be seen with the 
naked eye when a piece of sinter was broken. 

This sinter contained invariably a certain amount of partially sintered 
fines, which were high in sulphur, and it was necessary to screen the sinter 
to remove the unsintered high-sulphur particles if the clean sinter product 
was to be kept under 0.75 per cent sulphur. These screenings, of course, 
contained the high-sulphur unsintered fines, and also a very considerable 
amount of fine sinter, which, while low enough in sulphur, was of small 
grain size and therefore went through the screen with the unsintered fines. 

When this material was returned to the charge it greatly assisted the 
sintering. The unsintered fines were of no particular value, but the 
sintered fines rendered the charge porous and open to the air blast; so 
that screening of the sinter became standard practice. 


SInTERING Ores HicH IN [RON 


Only when ores are high in iron does a real sinter form, but as such a 
sinter is tied together by fused FesO, rather than by silicates, the sinter 
is excellent and the desulphurization good, because fused iron oxide does 
not seem to glaze over the sulphide particles and retard roasting, as 
silicates do. 

For example: hematite ore containing 5 per cent sulphur can besintered 
down to 0.1 per cent sulphur without any difficulty, and the sinter will 
have a dense, fused structure. On the other hand, if a zinc ore contains 
large percentage of lead accompanied by silica, which makes very fusible 
compounds, the sinter will show the effects of fusion, and it will be difficult 
to sinter it down to a low sulphur content. 

The Bartlesville plant was called upon to treat a large tonnage of a 
western concentrate, which was on hand and which had been very unsatis- 
factory when roasted in the old-type roasters. This concentrate ran high 
in iron, and when dead-roasted and retorted it very rapidly attacked the 
retorts and ate its way through them, causing high retort loss and high 
metal losses as well. This ore sintered very readily—more so than the 
Joplin concentrates. It made a harder sinter and one that bore more 
resemblance to the familiar sinter structure, but still had the character- 
istic fine pores—more like dry toast than like lead sinter, for instance. 
This sinter could be readily broken up to the size desired for the retort 
charge, somewhere between ¥ and } in., and caused the retort mortality 
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to drop at once and the metal recoveries materially to increase. The 
sintering had performed something of distinct value in addition to 
eliminating the sulphur. 

The reason that this particular ore when sintered no longer attacked 
the retorts probably lies in the fact that in the sintering fairly high tem- 
peratures were reached and rather infusible silicates were formed, from 
the excess of iron and the comparatively small amount of silica present; 
silicates having too high a formation temperature to permit of their being 
formed in the old-type roasters. Once, however, that the iron was partly 
satisfied by having been combined with some silica in the form of a 
high-melting-point slag, it had very much less tendency to attack the 
retorts, because in the retorts the fusion point of these slags was never 
reached, and only after reaching that point would they have a tendency 
to do damage. 

CaRBON AS FUEL 


The rather friable nature of the sinter, which is characteristic of 
practically all zine sinters, was a distinct advantage—because, as stated 
above, material of 14 or 14 mesh in size was wanted for the retort charge, 
and a sintered product like an average lead sinter, for instance, would 
have caused considerable expense in crushing to get it down to a suitable 
size for feeding to the retorts. 

Because the physical structure of zine sinter was such a distinct 
advantage in the retorting operation, the decision was soon reached that 
it would even pay to mix zine ores that had been dead-roasted down to, 
say, 2 per cent total sulphur with fine carbon fuel and sinter the mixture. 
The product of this sintering behaved so much better in the retorts than 
the dead-roasted ore that it more than paid the cost of the additional 
operation, and incidentally a 2 per cent sulphur dead roast would generally 
contain a very large part of its residual sulphur as sulphate, which to the 
sintering machine was just as easy to remove as sulphide sulphur. So that 
the resulting sinter from this operation would contain as little as 0.2 or 
0.3 per cent total sulphur. 

One thing was very soon found; viz., that if a roasted concentrate 
containing anywhere up to 5 per cent residual sulphur was mixed in this 
manner with a suitable amount of carbonaceous fuel and sintered, the 
sintering machine had a capacity 50 to 100 per cent greater on such a 
charge than on a charge composed of concentrates roasted to 8 or 9 per 
cent sulphur, in which the residual sulphur alone was utilized to furnish 
the heat required for sintering. 

The explanation of this is simple: the reaction in burning carbon to 
CO, evolves more than three times the number of heat units evolved in 
burning 8 to SO. and Zn to ZnO. The reaction of burning carbon 
produces much higher temperatures, and is more rapid and concentrated 
than that of sulphur, and this facilitates the reaching of the comparatively 
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high temperatures required to desulphurize zinc sulphide and produce the 
necessary reactions that cause the formation of sinter from zinc ores. 

It has already been pointed out (p. 38, this volume) that lead sulphides 
and zine sulphides require entirely different sintering conditions. With 
the zine sulphide, it is impossible to produce premature fusion, especially 
on ores like those from Joplin or Tennessee and Virginia, and the highest 
temperature that can be evolved in the sintering is the one that will give 
the best results. As carbon does this better than sulphur, it is a distinctly 
better fuel than sulphur for sintering zinc. 

It was found that the shelf furnaces that were installed at most zinc 
works in recent years in place of the old reverberatories could roast the 
zine concentrates down to about 5 per cent sulphur, and do this at a low 
cost and without the use of much extraneous fuel. The sintering machine, 
on the other hand, could take this partially roasted ore mixed with a very 
small proportion of fine coke or fine anthracite—about 3 per cent—and 
make an excellent grade of sinter at a high rate—a sinter that could 
readily be kept down to 0.25 sulphur or less. This sinter required no 
screening, because there were practically no unsintered fines in it, and 
even the very small amount of unsintered fines that might occasionally 
be found would not run over 2 or 3 per cent sulphur, as they had been 
roasted down to that point during the sintering operation. 

The capacity of a sintering machine per square foot of wind-box area 
when using sulphur as the sintering fuel was usually about one ton per 
24 hr., but when using carbon as the sintering fuel, the same machine was 
capable of handling 2 tons, or even slightly more, per 24 hr. per square 
foot of wind-box area. 

For most plants this was the cheapest form of sintering because every 
zine works had large amounts of coke fines available in the form of residue 
screenings, which were of no value otherwise. 


SINTERING MaAcHINE ONLY RoastTinG DEVICE 


There is also a third method of sintering zinc ores in which the sintering 
machine is the only roasting device used. ‘This method was developed 
in the United States at the California Zinc Co., Winthrop, Calif., and is 
now used by St. Joseph Lead Co. at Josephtown, Pa. It consists of 
mixing raw concentrates with crushed sinter low in sulphur, about four 
parts of sinter to one of concentrates. This charge is sintered, and of the 
resulting sinter 46 is recrushed and returned to the charge, so that every 
ore particle is passed five times over the sintering machine. The sinter 
is dense and rather hard fused, just the condition required for use in the 
electric furnaces used by St. Joseph Lead Co. in its reduction process. 
This sintered product, however, would be very poor material to put in a 
retort furnace, because of its dense, fused condition, and if such a sinter 
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were produced in this manner from a western concentrate high in iron 
it is certain that zinc ferrite would be formed in this repeated sintering. 

At the works of the National Smelting Co., Avonmouth, Wales, a 
sintering procedure very similar to that of the St. Joseph Lead Co. is used. 
All roasting is done on sintering machines and the charge is made up of 
crushed sinter and raw concentrates in about the same proportions as 
used by St. Joseph Lead Co., but only for the purpose of diluting the 
sulphur of the raw concentrates and rendering the charge porous, so that 
it can be sintered down to a low enough sulphur content for the retort 
furnaces. (See p. 418, this volume.) The operation is conducted so as 
to produce the maximum possible amount of rich SO. gas from the con- 
centrates. A relatively thin bed, 3 in. of charge, is carried on the sintering 
machine and the product is said to be very satisfactory for the retort 
furnaces, so that evidently it has not the highly fused character of the 
St. Joseph Lead Co. sinter. 

The capacity of sintering machines operated in this way is about 
500 lb. of raw concentrates per square foot of wind-box area per 24 hours. 


SINTERING FLOTATION CONCENTRATES 


Flotation concentrates, because of their fineness, may be quite 
troublesome in the sintering unless special care is taken in their proper 
preparation, because without this preparation, they are very apt to cause 
the formation of a dense bed impermeable to the air, which increases fan 
power consumption and materially decreases the tonnage output of the 
sintering machine. : 

Tri-State district flotation concentrates, Virginia-Tennessee con- 
centrates, and Wisconsin concentrates, all have a tendency to produce 
beds much more impermeable to the air than have most of the western 
concentrates. This is largely due to their purity and high zine contents; 
because, by the introduction of certain substances or impurities, they can 
be made to form a very open charge, which passes the air quite freely. 
Grains of relatively pure zinc sulphide, even when moistened, do not 
seem to have the tendency to lie apart from one another shown by most 
lead ores, therefore a bed of such concentrates is lacking in voids for air 
passages. This deficiency may be remedied by the addition of crushed 
sinter to the charge, as is done with the return screenings when sulphur 
is used as the sintering fuel. 


Pelleting 


It may also be done by pelleting. In pelleting, the moist mass of 
concentrates is rolled up into many pellets the size of a pea or smaller. To 
do this successfully it is necessary that the charge being pelleted have 
certain physical characteristics, and if the constituents of the charge do 
not have these characteristics naturally, some substance must be added 
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to the charge to give them. This necessary property is the ability of the 
erains of material to stick together when they are moistened, and hold 
together when not roughly handled. This pelleting property is almost 
invariably found in materials containing colloidal matter. For instance, 
clay possesses it to a great degree. Dry powdered clay mixed with a small 
amount of water will readily form small balls or pellets that will hold their 
form in spite of considerable handling, and yet not be wet enough to 
stick to one another. Pelleted clay can be poured from one container 
to another and be drawn out of a bin through a gate, handled on a con- 
veyor, etc., almost as readily as jig concentrates would be, and without 
the pellets adhering to one another. 

Residual flotation reagents or oil usually have this property, and often 
flotation concentrates that otherwise would not form pellets will do so 
because of an infinitesimally small amount of residual reagents or oil 
which they contain. Zinc sulphate and iron sulphate, the latter espe- 
cially, when wet promote the formation of pellets. Practically all oxide 
fume, fume from baghouses or electrical precipitators, have this property 
to a great degree, and 1 or 2 per cent of fume added to a concentrate charge 
will cause it to pellet readily. 

The great advantage of pelleting is that it enables the operator to 
make a charge pervious to air in exactly the degree he desires, out of a 
material that, because of excessive fineness or some other physical 
characteristic, such as, for instance, consisting of flat flakes, would cause 
the formation of a bed highly impervious to air. 

The permeability of the bed may be regulated by the size of the pellets. 
It is possible to mix a charge so as to have it consist of a certain proportion 
of pellets 3g in. in diameter, a proportion 14 in., and down to any desired 
size, which may be as small as 20 mesh. Or it is possible to pellet the 
charge so that it will consist almost entirely of pellets of 8-mesh size. 
The size of the pellets and the proportion of large and small pellets to be 
used will depend on the concentrate to be sintered, and on the depth of 
bed that it is desired to carry. 

Up to a certain size limit, the larger the pellets, the deeper the bed 
that can be carried on the sintering machine. Practically every zine 
works has fine fume of some sort available to mix in with the concentrates 
to promote pelleting. 


Action of Sulphate 


The action of sulphate is peculiar. Sulphates in the preroast were the 
cause of a great deal of woe in sintering plants until it was discovered how 
to utilize their binding properties. In a charge made up of sulphated 
preroasted concentrates, where pelleting of the charge is not practiced, 
the charge after being fed on the pallets will ignite on the top readily 
enough. The ignition dies out quickly after the pallet passes from under 
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the burner, but if such a charge is poked on the top with a stick halfway 
down the wind box, it is found to be hard and apparently sintered. How- 
ever, a peculiar thing is noted: the color does not darken, as ordinarily 
happens when a charge becomes sintered. 

As the pallets pass over the discharge end of the machine, a solid cake 
can be seen, which breaks off as friable sinter would, but when it is closely 
examined, it is seen to consist of entirely unsintered material apparently 
cemented together by some substance. Sintering-plant operators call this 
material ‘‘concrete.”’ It consists of the original preroasted ore grains 
cemented together by the action of iron and zinc sulphate under the 
influence of steam generated under the ignition burner. The material is 
dense, fairly hard, and all pores are imperviously sealed against air by the 
sulphate acting asacement. If such a charge is pelleted before sintering, 
advantage is taken of this cementing property given by the sulphate to 
hold the individual particles together. Because of the interstices through 
the bed between the pellets, the air blast has free access, and the ignition 
flame can be drawn down, thus setting fire to the outside of each pellet 
on the top surface of the bed. 

The sulphides are thus readily ignited, and the bed being permeable 
air can pass through it and cause sintering to take place through and 
through. The result is an excellent cake of thoroughly sintered material, 
because, since there are no excessively large or excessively small ones, 
all the pellets have a chance to sinter through and through during their 
passage over the wind boxes.. It will be readily understood that a bed 
composed of substantially round particles, all pretty much the same size, 
will offer a very even resistance to an air blast over its entire area. 


Extremely Fine Concentrates 


Of recent years excessively fine zine flotation concentrates have 
modified sintering practice, and the indications are that they may bring 
about still further, rather drastic, changes in procedure. 

The flotation concentrates, many of which are of minus 200 mesh, 
present a serious problem in the preroasting in shelf furnaces, because 
of the huge amount of dust they make, for one thing, and because of 
numerous other mechanical difficulties caused by their fineness. This 
will be referred to further on. 

As far as the sintering machine is concerned, the finest flotation con- 
centrates of minus 200 mesh present no difficulties provided they are 
properly prepared by pelleting. When pelleted, flotation concentrates as 
a rule yield a product lower in sulphur than would a concentrate of exactly 
the same chemical composition but whose individual particles were 1¢ in. 
mesh, and in addition the output in tons of sinter is usually higher than 
it would be on the }-in. size, because the smaller 200-mesh particles can 
be desulphurized and sintered more rapidly than the 1¢-in. particles. 
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Flotation concentrates of the finest character are just as amenable to 
sintering as other concentrates, therefore, and, as is well known, very little 
flue dust is made from even the finest of flotation concentrate charges 
in sintering. 


Recovery of Gas for Making Acid 


Hence, because of the fact that part of the gases from a sintering 
machine can be separated from the rest so as to give a product high 
enough in SO, to be utilizable for making H2SOs, the possibility of doing 
all the roasting of zinc sulphides concentrates is receiving consideration 
generally. Sintering machines have been used for some time in Europe 
for this purpose—machines specially constructed with a view to trying 
to get as large a proportion of the SO2 as possible in the form of rich gas, 
and at several European works zinc sulphide concentrates are roasted 
and the gases are utilized for making acid, using only Dwight-Lloyd 
machines for this purpose. The procedure at the National Smelting 
Works has already been described. 

There is also another method, used by the Overpelt Zinc Works in 
Belgium, which is peculiar. There the concentrates are preroasted in 
mechanical roasters down to 7 or 8 per cent sulphur, the roast being 
conducted so as to produce as much sulphates as possible. If the amount 
of sulphates is insufficient, the roast ore is moistened with dilute chamber 
acid to increase them. If necessary, raw concentrates are added to bring 
up the sulphide sulphur content. The mixture is then moistened and 
fed into a long steel trough having many drilled holes about 346 in. in 
diameter in its bottom. A heavy iron roller runs backward and forward, 
exerting heavy pressure on the charge constantly being fed into the 
trough and squeezing this charge through the apertures in the bottom in 
the form of spaghetti. This is cut off into small pieces and drops on a 
-earrier with a perforated bottom, through which hot air is blown to 
surface-dry the spaghetti. As soon as this is surface-dry, so that it will 
not stick together, it is fed to the pallets of a sintering machine in a 
bed about 10 in. deep. It is then sintered and a very large part of the 
sulphur is recovered in the form of SO: gas, 5 per cent or better, which is 
sent to the acid plant. The gases from the preroasting furnaces, of course, 
also go to the acid plant, so that the over-all recovery of sulphur is very 
high, and only a small portion is discharged into the air as a very weak 
gas. This comes principally from immediately under the ignition burner 
and the last few feet at the far end of the wind boxes. 

The product is very well roasted, still showing the structure of the 
spaghetti in the sinter cake. The latter breaks up readily into small 
pieces suitable for the retort furnace. The great pressure used in forming 
the spaghetti so compacts the concentrate particles that when the sinter 
is broken up to }4-in. pieces, it makes a dense and heavy charge for 
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the retorts, which makes possible a charge of at least 10 per cent more 
per retort. 

In the method in use at Overpelt, the binding action of sulphate is 
used in a very interesting way, so as to produce a charge of even perme- 
ability, which permits the use of a very deep bed in the pallets and there- 
fore the attainment of the conditions under which the gases highest in SO2 
may be obtained, and at the same time to produce a satisfactory sinter. 
The apparatus for producing the spaghetti is somewhat cumbersome and 
expensive. Except for the compacting of the charge, pelleting would 
give equally good results at a lower cost and with much less cumbersome 
or expensive apparatus. Pellets, if properly made, can be produced so as 
to make a denser sinter than will a charge made up in the ordinary way 
without pelleting. 

There is absolutely no question that if gases high in SO, are wanted, 
a deep bed made up of a charge that has evenly distributed interstices 
between spaghetti or pellets of relatively uniform size will give much 
better results than a comparatively thin bed of material not in pellet or 
spaghetti form. j 


RELATIVE Costs 


As to the relative costs of preroasting in a shelf roaster and sintering 
on a sintering machine: it is somewhat difficult to draw exact conclusions 
because of the great difference in conditions between Europe and America. 
European zine concentrates are usually much coarser than American 
concentrates, a large part of which now run minus 200 mesh. High-class 
skilled labor is available in Europe at relatively low cost, to conduct fussy 
operations that require minute care and constant close attention. Health 
regulations almost everywhere in Europe prohibit the discharging of SO. 
gases into the air, so that often it is not a question of whether it is profit- 
able or not to make the H.SOu,; it simply must be made at any cost if 
any operations are to be carried on. A plant roasting and treating a ~ 
maximum of 25 tons of concentrates per day is called a commercial 
operation in Europe, and there are a number of works with acid plants 
that treat no more than this. Some countries give government subsidies, 
so that sometimes the operation of the plant is profitable only because 
of the subsidy. 

In a European plant where the total tonnage of concentrates to be 
roasted is 25 tons per day, there is no question that the first cost of 
installing a plant consisting of one single sintering machine of relatively 
small size to do all the roasting is lower than the first cost of installing a 
plant consisting of one shelf furnace and one small sintering machine to do 
the roasting and sintering, and as a matter of fact, for a company owning 
a plant having a capacity of only 25 tons per day first cost would be of 
immense importance. Secondly the cost of operation would undoubtedly 
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be less with the sintering machine only, because the same crew would be 
required to run the sintering plant whether it was doing the entire roasting 
or only the finish sintering. Therefore, even with the comparatively 
coarse European zine concentrates, the use of a sintering machine 
to do all the roasting is economically feasible, and may even be decid- 
edly advantageous. 

On the American continent, all of our plants have very much larger 
daily capacities. If a plant were treating concentrates of the same 
average coarseness as those found in the European plants, whether the 
plant consisted of shelf furnaces to do the preroasting and sintering 
machines to do the finishing, or sintering machines only to do all the 
roasting, would mean very little difference in the labor costs, except that 
if all the work of roasting were to be done on sintering machines, probably 
labor of a higher class, and much more skilled, would be required than 
would be necessary otherwise. 

There might be some saving in the first costs of installation, although 
this would not be at all in the same proportion as with a smaller plant, 
because to do all of the roasting on sintering machines would require 
the installation of, roughly, four times as many sintering machines, or 
machines of at least four times the size. On the other hand, in regard to 
zinc plants treating the finer concentrates, as is done in most American 
zinc plants today, some of which run almost exclusively on flotation con- 
centrates finer than 200 mesh, there is quite a different picture. 

The fact that the excessively fine flotation concentrates present a 
serious dust problem when preroasted in shelf furnaces has been men- 
tioned. Furthermore, the costs of upkeep of such shelf furnaces roasting 
flotation concentrates exclusively is apparently very much higher, and 
numerous mechanical difficulties occur that do not occur when roasting 
the coarser concentrates. 

It has already been stated that the sintering machine can just as 
readily treat the finest flotation concentrates as it can coarser materials, 
and that there is no dust problem to contend with. Also, these fine 
flotation concentrates are much more readily amenable to treatment by 
sintering when high in sulphur than would be concentrates of the same 
analysis but much coarser in grain size. So that when there must be 
added to the cost of the preroasting plant the cost of expensive dust- 
settling or precipitating devices, large flues and chambers, etc.—and 
the increased cost of operation of the shelf furnaces must be taken into 
consideration—there is a strong probability that it will be found cheaper 
and more satisfactory to do all the roasting on sintering machines. 


DEVELOPMENT IN UNITED STATES 


The writer believes that in this country at least, where there is no 
necessity because of health regulations for catching every last trace of 
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sulphur—and where the sulphur itself has no such high value as to make 
it financially profitable to catch every last trace—the procedure most 
likely to prove satisfactory would be one in which a sintering machine or 
set of sintering machines would treat a charge composed of two parts of 
crushed sinter and one part of raw concentrates, this charge having a 
sulphur content of 12 to 14 per cent and this machine or machines to be 
run with a view to producing the gas most suitable for the acid plant, 
without making any attempt to get the sulphurs in the sinter down 
to the low limit or paying much attention to the physical character of 
the product. 

There would then be another machine or set of sintering machines to 
which this poorly sintered product, still carrying perhaps 2 to 3 per cent 
sulphur, would be sent, to be crushed if necessary and mixed with a 
suitable amount of carbon fuel and sintered; the machines to be operated 
without any attempt to recover the small amount of sulphur still left in 
the material being sintered, and run solely with a view to getting a very 
low sulphur product and a perfectly sintered one. 

A procedure of this sort undoubtedly will be more profitable from a 
financial standpoint and better adapted to American requirements than 
would be a copy of the European procedure. In the proposed procedure, 
the first set of sintering machines would be run solely with a view to 
obtaining the highest efficiency in making suitable gas for the acid plant; 
the second set solely with a view to making good sinter; whereas the 
European procedure is a compromise in an attempt to make good gas 
and good sinter at the same time—and the operating conditions for mak- 
ing good gas are not those required for making good sinter. 

There is one sintering plant in this country using gases for making 
acid, that of the National Zinc Co. at Bartlesville, Okla. No information 
is available as to operating results. Both shelf furnaces and sintering 
machines are used. 


PRODUCTION OF CADMIUM 


One recent and very interesting development is the production of 
cadmium from zine concentrates. Nearly all zinc concentrates contain 
small percentages of cadmium. It has been known for a long time that 
this cadmium could be partly driven off in sintering provided the tempera- 
tures of the reaction were high enough, and at many of the earlier zinc- 
sintering plants an initiated person could tell from a mile away whether 
or not the sintering plant was making good sinter, by observing the color 
of the smoke coming out of the stack. If this smoke was barely visible, 
or very light bluish, the sintering plant was doing poor work. If the 
smoke was dense, with a pronounced yellowish brown tinge caused by 
cadmium compounds, the sintering plant was doing first-class work. 
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This was simple because when the temperatures developed in the bed 
were high enough to produce good sinter, they also were high enough to 
drive off considerable amounts of cadmium. 

At first there was no particular enthusiasm shown over this, because 
the driven-off cadmium was lost. When it remained in the sintered 
product, it was partly recovered in the zine retorts, and was sold as zine. 

In some zinc works, by special attention to the sintering and elimina- 
tion of cadmium, a grade of zinc could be produced from the sintered 
product that could be sold as brass special. Usually this was the metal 
from the first draw, or the first and second draws. 

By operating at a high sintering temperature, zinc concentrates that 
contained lead but practically no silica could also be caused to lose some 
of this lead by volatilization. However, this loss of lead, like the loss 
of cadmium, was usually of no advantage, as lead also if left in the sinter 
would eventually find its way into the Prime Western grade of zinc, where 
it would have the same market value as the zinc itself. 

Hence there was no advantage usually in driving these metals off, but 
actually a disadvantage, as they were not recovered, most zinc works 
having neither baghouses nor Cottrell precipitators. 

While cadmium could be partly driven off in sintering, it could usually 
not be completely driven off, because cadmium driven off in the upper part 
of the sinter bed would be condensed and deposited in the lower part of 
the bed, which was still comparatively cool. When the cake was sintered 
down to the grate bars, there would still be considerable cadmium to be 
found as a yellow deposit on the metal of the grate bars, in the grate-bar 
slots, on the pallet sides, and even on the bottom of the cake itself. As the 
cake was discharged off the sintering machine, much of the cadmium 
deposit on the bars was dislodged and went down the chute with the sinter, 
so that a clean elimination of cadmium was never possible. 

Several patents had been taken out which contemplated splitting the 
sinter cake into two or more layers—one rich in cadmium and the others 
low—but as even these did not make a complete separation of cadmium 
from any portion of the sinter, they found little practical application. If 
cadmium and lead could be completely volatilized in sintering, a pure zinc 
could be made in the retort furnaces from ordinary western ores, but 
otherwise there was no particular advantage in fostering the partial 
volatilization of the cadmium. 

In the last year, however, there has been a decided change, brought 
about in part by the use of cadmium for electroplating but principally 
by the use of cadmium in bearing metals for automobiles. The demand 
so created has resulted in an increase in the price of cadmium metal to 
about twice its former price, with the result of making it highly profitable 
for a zine works to drive off all the cadmium possible from its ores and 


recover it as a by-product. 
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The action of sodium chloride in roasting to promote the formation 
of easily volatilizable chlorides has been known and used for years on 
copper and other ores. It was found that the addition of salt in small 
proportions—about 10 lb. per ton—to a sintering charge, and the close 
observation of certain operating conditions would make it possible to 
eliminate the cadmium, all of the lead, and all of the residual sulphur from 
ordinary ore, so that a sinter carrying 0.000 per cent cadmium, 0.000 
per cent lead and 0.000 per cent sulphur could be produced. With such 
a sinter, zinc metal running 99.99 per cent zinc could be produced in 
ordinary retort furnaces—and, still more important, nearly all of the 
cadmium and lead could be caught by a Cottrell apparatus. With 
cadmium metal selling at $1.05 a pound, there was a very great induce- 
ment to remove cadmium from the ores. 

With a zinc concentrate carrying only 0.3 per cent cadmium, the value 
of the cadmium contents as refined metal would be about $6. It is not 
astonishing, therefore to find many zine works in that past year and a half 
increasing their plant capacities or changing their methods of sintering 
so as to recover as much cadmium as possible. This will probably result 
in a decrease in the tonnage of Prime Western grade of zine produced 
and an increase in production in zinc metal of higher grades. 


The Warner-Ingalls Zinc-roasting Process 


By Munror F. Warner,* Member A.I.M.E. 


As originally built, the plant of the American Zinc and Chemical Co. 
at Langeloth, Pennsylvania, was based upon the Joplin and Wisconsin 
fields as primary sources of zinc ores, the ores being the then normal jig 
and table concentrates. Construction incorporated standard Matthies- 
sen and Hegeler kilns without regenerators. 

With the development of differential flotation, zine concentrates 
produced by that process became the basis of operation. These concen- 
trates were very fine, upwards of 90 per cent passing a 300-mesh screen, 
and had a comparatively low fusing point with marked caking and 
crusting characteristics. 

Difficulties and losses quickly developed. In roasting, the ore went 
through a decidedly fluid state, and spills became serious. Caking and 
crusting on hearths was severe and dust losses throughout became 
intolerable. Acid recoveries dropped from the normal ton-for-ton level 
to 0.85 tons per ton of ore, and choking of Glover towers and acid lines 
became a problem. 

In 1926 and 1927 a two-unit sintering plant was built and placed in 
operation in accordance with the Baelen process for finishing desulphuri- 
zation with admixture of carbon. This had its beneficial effect in smelt- 
ing, but the other problems remained. 

The problem presented was the roasting of Pecos flotation concen- 
trates at the rate of 200 tons daily to a sulphur content suitable for 
finishing in the sintering plant. Specifications had to be governed by the 
existing acid plant of four chamber sets built in units of two, rather 
widely separated, and the sintering plant built in the space between the 
existing pairs of kilns, of which there was one on the center line of each 
of the four chamber sets. 

The problem contained elements of pioneering and experimentation. 
A thermal analysis and heat balance clearly demonstrated a possibility 
of accomplishing autogenous roasting, well worth the attempt, because 
of high fuel costs and resultant economies in operation of the acid plant 
due to decreased gas volumes and a consequent release of capacity for 
increasing acid production, a problem also faced. 


Manuscript received at the office of the Institute June 18, 1936; revised Aug. 31, 
1936. 
* Consulting Metallurgist and Chemical Engineer, Newark, N. ie 
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The only roasters in existence designed to accomplish an autogenous 
roast were the Ore Roasting Development Co. roasters of Fogh in opera- 
tion at the Columbus plant of the American Zine Oxide Co. While these 
were built with muffles under the two lower hearths as a reserve, the 
roasters were operated at times autogenously and the muffles were 
blocked off and considered a disadvantage by the operator and responsi- 
ble for the necessity of using a small amount of direct-fired gas. The 
Fogh principle of division of the ore and multiple feeding, resulting in 
by-passing certain hearths, is reflected in the design adopted. 

Available information relative to roasting elsewhere was studied, 
particularly practice at Columbus, in England and Belgium with the 
Spirlet roasters, and in Australia and Africa with Skinner and Herreshoff 
roasters. In this the cooperation of Thomas A. Dickson, of the Colorado 
Iron Works Co., and the late Leslie H. Webb is acknowledged. 

Late in 1927 a decision had to be made and, following inspection of 
the new 12-hearth Herreshoff roasters operating at Bartlesville as pre- 
roasters in Rigg’s sintering process, of the six-hearth Skinner roaster at 
Rifle, Colo., and such consideration as time permitted of Coolbaugh’s 
down-draft process modified to produce oxide instead of sulphate by the 
addition of sulphide at the end of the roast in accord with the classic 
reaction 3ZnSO, + ZnS = 4ZnO + 4SO., it was decided to build four 
roasters to specifications to be drawn by Walter R. Ingalls, consulting 
engineer for the company, and the author. These specifications may be 
summarized as follows: 


SPECIFICATIONS FOR ROASTERS 


The objective being autogenous roasting, heat conservation and 
thermal stability had to be carefully considered. To this end certain of 
the specifications were drawn, and experience with this ore on the 
Hegeler kilns dictated others. 

The roasters were specified to be 20 ft. inside diameter, of 12 hearths, 
and with effective hearth area of 3400 sq. ft. each, based on a factor of 
sulphur elimination of 10 lb. per square foot. The actual figure for 
60 tons of 30 per cent ore roasted to 3 per cent sulphur was 3275 sq. ft. 

The walls were specified 18 in. thick, 9 in. firebrick, 414 in. insulating 
brick and 414 in. common red brick for the lower third and 9 in. each of 
firebrick and red brick for the upper two-thirds. 

The hearths were specified to be flat and horizontal, as a result of 
experience with this ore in the Hegeler kilns with respect to the fluid 
phase through which it goes, and of solid tile without horizontal joints 
because of trouble experienced with such construction in those kilns. 
Filler tiles, used to make a flat hearth surface, pull out as a result of crust 
formation which necessitates abnormal chiseling. 
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The shell specification is not unusual except that heavy inside bands 
were specified, to assure support of the hearths vertically and take the 
load off the side walls. The hearth skewbacks were molded to fit over 
these bands at the thrust line. 

Aside from the design permitting deep arm sockets for the support 
of the long arms necessary, the feature of the central shaft and assembly 
specification is that cooling air circulation is the reverse of normal, the 
air entering the top of the shaft and discharging at the bottom. The 
maximum cooling effect was desired in the upper part of the roaster, with 
less effect at the bottom, hence the specification. Lagging of the shaft 
with 414 in. of firebrick was specified for greater thermal stability and as 
protection against corrosion. 

In order to utilize the heat in the cooling air discharged at the bottom 
of the central shaft, means of piping the air therefrom and conducting 
it for admission into each of the four lower hearths, and under valve 
control, was specified, air piping to be insulated. This was later changed 
to extend distribution throughout the roaster by means of two diametri- 
cally opposite risers, each admission port being valve-controlled, and the 
risers ending in bleeder valves for controlling total process air and wasting 
the excess. 

A stack for creating draft to maintain circulation of cooling air in 
the reverse direction, with the necessary dampers to effect this, was 
specified to be mounted on top of the central shaft for use if the forced- 
draft cooling should fail. 

Since the ore was to be delivered with 3 to 4 per cent moisture, drying 
for dependable feeding had to be completed at the roaster. The top 
hearth was specified to be thin and conical, and four rabbling arms were 
specified, to be tapped into the hot-air passages of the central shaft and 
equipped to discharge heated air under damper control over the ore on 
that hearth. 

Means of subdividing the ore and feeding it at several points were 
specified, partitioning to be by means of an annular trough surrounding 
the drying hearth, and from there by vertical drop pipes to the four feeders 
on No. 1 hearth and two each on Nos. 3, 5 and 9. 

Specifications were also made covering extra sockets in the central 
shaft for plain arms for additional cooling on hearths 2 to 5, with the 
arms included. This idea was later abandoned because of complications 
in central shaft design resulting in restriction of cooling-air passages. 

Consideration was also given to the use of four arms on the bottom 
hearth, but this was rejected in preference to use of a greater number of 
smaller rabbles to accomplish the same result if found necessary. 

Rabbles were specified of alloy, and arms partly alloy and partly 
castiron. Later this was modified to include noncooled alloy arms for the 
lower three hearths instead of normal air-cooled arms. 


390 THE WARNER-INGALLS ZINC-ROASTING PROCESS 


Mechanical specifications were left to be worked out in design, except 
that a preference for a tapered roller type of step bearing for the central 


shaft was expressed. 
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Partial section showing auxiliary doors 
Fic. 1.—GENERAL SECTION, BETHLEHEM-WEDGE ROASTER INCORPORATING WARNER- 
INGALLS SPECIFICATIONS. 


The general purpose of these specifications will be observed to effect. 
flexibility in ore and air distribution, both under control. 


INSTALLATION 


The contract for four roasters was let early in January 1928 to 
Bethlehem Foundry and Machine Co., and design under the author’s 
direction was started immediately. To meet the specifications, this was 
original with the exception of the unique cruciform section:accepted and 
used in the design of the central shaft, and such standard parts as arms 
and rabbles, doors and frames, etc., modified as required. 
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The design in accordance with which the roasters were built is shown 
in Fig. 1. The cooling-air circuit with admission into the top of the cen- 
tral shaft, the means of distributing the heated air to the several hearths 
and controlling it, and the method of emergency cooling of metal parts by 
reversing the direction of air flow, are all evident. 

The ore is fed at the inside of the drier hearth and rabbled out- 
wardly into the annular trough around the periphery of the hearth, around 
which it is carried by pushers on the ends of two of the rabble arms and 
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Fic. 2.—S TEP BEARING ASSEMBLY. 


from which it feeds vertically downward through the drop pipes shown. 
The ore is fed into the roaster by means of screw feeders, which were 
operated through an adjustable throw tripping mechanism by the drier 
hearth arms. This method was unsuccessful, imparting a violent shock, 
which jarred the entire roaster, and was replaced by individual motors 
driving through speed reducers and sprocket and chain, rate of feed being 
changed by substituting drive sprockets of the desired size, the feeders 
then running continuously. 

The utilization of preheated air discharged on the drier hearth will be 
observed. Each of these arms has a butterfly valve to control the volume 
of air used. Because of dusting due to effective drying, several of the 


392 THE WARNER-INGALLS ZINC-ROASTING PROCESS 


outside nozzles of the air pipe were plugged and the heated air discharged 
from approximately two-thirds of the arm length on the trailing side at an 
angle about 35° downward from the horizontal. 

The cruciform design of the central shaft permits a deep arm socket 
without too much restriction of the air passages. The hot-air pass is 
central. The central shaft is mounted on a ball-and-socket bearing 
incorporating a Timken tapered roller step bearing (Fig. 2) rated at 
265,000 lb at 2r.p.m. As originally designed the ball and socket had a 
radius of 12 in., and the bearing failed, the roller retainers of soft steel 
wearing out rapidly and the rollers grinding to breakage. The ball and 
socket was redesigned with a radius of 414 in., and the roller retainers 
were hardened by carburizing, no failures having occurred with these. 
The bearing is adjustable vertically by means of shim plates and may be 
removed and replaced as a unit by jacking up the central shaft an inch 
or two. 

The drive is by means of a 15-hp. constant-speed motor, gear reducer, 
roller chain and sprockets, and bevel pinion and ring gear. Changes in 
speed are accomplished by changing the driven sprocket. Changes in 
speed of both the ore feeders and the roaster itself are effected by chang- 
ing sprockets in the drives. This was done so that a setting made would 
be inflexible until changed by order of the proper authority, and pre- 
vented variable operation, which would have ensued had variable-speed 
drives been used. 

Gases leave the roaster from a single outlet at the top hearth, and ore 
is discharged from a single drop hole in the bottom hearth. Originally, 
because of a requirement that the ore be weighed, the ore was discharged 
through an air-lock type hopper into closed cone-shaped tramcars, weighed 
and discharged into an elevator and bin serving a Baker ore cooler 
delivering to the sintering plant. Because of the dust, mechanical 
handling was necessary. The conveyors selected were ordinary cast-iron 
screws in cast-iron troughs, the screws being 16 by 16 in., to handle chisel - 
lumps and operating at slow speed. These served an elevator specially 
designed for the prevailing temperature, which discharged into a similar 
screw conveyor delivering to the roasted-ore bin. In early 1934 this 
conveyor system had operated five years without major replacements 
because of wear, and handled the chisel lumps with very infrequent 
choke-ups. 

With the exception of the drier hearths (Fig. 1), in which there are 
two removable tiles for emergency ore-feeding, hearth design is shown in 
detail in Fig. 3, and accords with specifications. The tiles are thin 
enough in one dimension to insure sound manufacture and thorough 
burning, and all refractories, excepting side-wall lining, were set in 
chrome cement made by mixing furnace chrome and sodium silicate, 
only necessary chipping and hand-stoning for a reasonable fit being done. 
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The refractory was a Walsh (Missouri) mix analyzing: SiO», 55 per cent; 
Al.O3, 42; Fe2Os, 1.8; CaO, 0.3; MgO, 0.3, alkali, 0.7. This was specified 
as being more stable in expansion and shrinkage under the temperatures 
of the operation, and more corrosion resistant than the higher silica 
refractories normal in the industry. 

Drop holes number 16 per hearth at 2 sq. ft. each, with the inside drop 
of equivalent area, the design being based upon conserving the maximum 
hearth area for hearth roasting. 

Positive seals were not provided except the alloy-iron seals on the 
drier and bottom hearths, it being felt that minimum clearance around the 
central column would not result in sufficient short-circuiting of gases to 
be of moment. This was borne out in practice. 

Rabble arms were of a design on hand, of round cross section with 
horizontal diaphragm, with noncooled arms of the same design without 
diaphragm and open on the bottom between the rabble rails. Both 
cast-iron and chrome-iron arms were specified, both of the same dimen- 
sions and same wall thickness, one of the two reasons for using chrome 
iron being greater strength, weight for weight, the other being greater 
resistance to corrosion. As equipped, one roaster had a cast-iron arm and 
an alloy arm on the upper nine hearths. In general, however, cast-iron 
arms were used on No. 1 (the top) hearth, alloy arms on Nos. 2, 3, 4, 
and 5 hearths, cast-iron arms on Nos. 6, 7, 8 and 9 hearths, and noncooled 
alloy arms on Nos. 10, 11 and 12 hearths. Rabbles were all of chrome 
iron, with a set of cast-iron rabbles as spares. The latter, however, 
wore very rapidly, oxidized badly, and tended to break off and damage 
following equipment. 

The noncooled arms did not prove entirely satisfactory, tending to 
warp and twist, particularly whenever it was necessary to use auxiliary 
gas-firing to regain lost temperature. Standard alloy arms with air 
ports blocked were satisfactory, but finally it developed that standard 
air-cooled cast-iron arms could be used in the bottom hearths without 
measurable loss of heat, and noncooled arms were abandoned. 

Air-admission arms—i.e., arms with holes in the bottom face to dis- 
charge air directly on the hearth—were tried and rejected, because rever- 
sal by stack draft when used in chiseling drew ‘gases and dust into the 
cooling circuit and threatened trouble. 

Observation of the spreading of oxidizing air over the hearths from 
the air ports plainly showed adherence to hydraulic principles, the air 
admitted at lower temperature than the hearth temperatures being as 
effective as air injected through arm nozzles. ; 

Original arms proved too small in section and resulted in creation of 
high back pressures, shortage of cooling air and high air temperatures. 
Larger arms of the diaphragm type were designed and proved more 
successful. A later design, incorporating a central tube instead of the 
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diaphragm, was tried and found to have greater warping deficiencies 
than the diaphragm type. The arm design finally evolved was of the 
diaphragm type, and square in section, to allow a maximum ailr-pass area 
within space limitations, and also to improve the strength and resistance 
to warping. 

With an arm properly designed from experience, the problem is one 
of manufacture to attain uniform thickness of walls. Otherwise warping 
results and an expensive arm, without salvage value, is lost. A depend- 
able arm in this respect would justify the use of alloy throughout, such an 
arm having almost unlimited life. Cast-iron arms are much more 
fragile; they should be operated at lower temperature with more cooling 
air; they oxidize and corrode rapidly in the high-sulphur zones and freeze 
valuable rabbles, which may thereby be lost. The preferred arm 
assembly for this roaster is air-cooled alloy for the upper nine hearths, 
and air-cooled cast iron for the lower three hearths. The alloy specifi- 
cations used were the following: 


(Ginke cMcnits Ge CORSO Re See Seen 26 and 28 to 30 
ING RE ia Rictee ertee siksbae ts 2 max. 2 max. 
INT 710 = PRS S's eo ORS od coed 0.12 to 0.20 0.12 to 0.20 
TMM A es ne a teitiena ioe sis. s avsy 0.50 to 0.70 0.50 to 0.70 
CTI ES os 0.60 0.60 to 0.75 


The higher chromium-carbon specification is preferred. Difficulties 
and complications in machining higher carbon-chromium irons limit the 
carbon specification to about 0.75, otherwise this specification would 
preferably be 0.90 to 1.00 and might be raised as high as 1.50. 

Original rabbles were of standard Wedge design, having blades 12 by 
6 by 1 in.; were spaced 9 in. and integrally cast with holder to slide on the 
rabble rail on the bottom of the arm. Later the rabbles were redesigned 
to increase the rabbling effect. The reduction in size of rabble effected 
improvement in results with respect to sulphur in the roast, sulphide 
sulphurs being lower or sulphates higher. Alloy specifications in order of 
time are given in Table 1. 


Tapie 1.—Alloy Specifications for Rabbles 


ee 
(GS gt ee oe Sees be 26 to 28 26 to 28 27 to 30 26 to 30 

INGE te tee eho ke anc 2 max. 2 max. 2 max. 0.5 max. 

(Ch ay ai END aaa 0.60 to 0.75 | 0.50 to 0.70 | 0.40 to 0.50 | 0.60 to 0.75 
IMM = chee eae eee Ne 0.12 to 0.20 | 0.12 to 0.20 | 0.10 to 0.20 | 0.12 to 0.20 
STOR Ch as. ovr aes 0.50 to 0.70 | 0.60 to 0.70 | 0.40 to 0.50 | 0.50 to 0.70 
ae a a 


With the exception of the 0.40 to 0.50 C specification, which bent 
under the load in the hotter hearths, there was little choice in any of these 
specifications, they being in fact very similar. 
Breakage did not occur, even under severe heat shock of the chiseling 
operation, wear due to abrasion was not severe, and indicated that the 
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minimum life was nine months to a year in the hottest zones, where the 
sulphur content is still high. The most severe conditions in this respect 
occurred on hearths 2 and 3, and the severity of corrosion was very 
definitely a function of the lead content, probably sulphide in nascent 
stages of oxidation. The Pecos ore, upon which the operation was based, 
contained 1.50 to 1.70 per cent Pb. In treating another ore, which con- 
tained from 2.15 to 2.78 Pb, the corrosion was much more rapid and 
rabble life decreased to six months or less. 


CORROSION 


Results of a test indicate the character of rabble corrosion, a test in 
which a number of rabbles supplied by the Duraloy Company were 
assembled to determine corrosion-resistant qualities at several points. 
Analyses of the alloys are given in Table 2. 


TaBLe 2.—Analyses of Alloys 


BA ORs 28 to 30 | 28-30 
Ni (max)} 0.50 0.50 


(max).| 0.50 0.50 
Coe. ae 1.5-2.0 
Oe ae 2-3 


The rabbles were scattered through the upper 10 hearths in predeter- 
mined order to cover all conditions. 

After service test of six months, the rabbles were removed and 
examined. Corrosion was hardly noticeable on No. 1 hearth, was evident 
and distinct on Nos. 2 and 3 hearths, much less evident on No. 5 hearth, 
and practically lacking below that hearth. Location of the rabble 
radially had no observable effect on corrosion. 

Corrosion on the rabble face was characteristically evidenced by 
scoring in the form of one or more grooves coinciding with the wash 
contour, and above that, by honeycombing and hard adherent scale in the 
zone of high temperature and high sulphur, hearths 2 and 3, where corro- 
sive compounds are forming and occur in progressive states from nascent 
to products released from the bed as vapor, fume and gas. Face wastage 
is due to combined mechanical abrasion and corrosion, being decidedly 
less below the wash line. Wastage on trailing surfaces is primarily 
corrosion, these surfaces being fully exposed and corrosive vapors being 
concentrated there by the rotation of the assembly. 

It is concluded from this that chromium content should be not less 
than 28 per cent, 32 per cent being preferable on the hearths where 
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fuming occurs; that carbon should be not less than 1.5 to 2 per cent with 
2 to 2.5 per cent range preferred; and that titanium appears to improve 
the corrosion resistance where that effect is severe. 


Dust COLLECTION 


The flue system, containing the dust collector and draft fan, was of 
unlined steel plate and extended from the roaster to the existing brick 
flue of the respective acid set. The average new flue was approximately 
30 ft. from roaster to fan, with the collector equidistant from each. 

Dust collectors were the then newly developed American Blower 
Company’s Sirocco, the size used being D-30 for 15,000 cu. ft. per min. of 
gas at 1000° F., with a pressure drop of 114 to 2 in. water. These were 
placed close to the roasters, one for each roaster, and discharged through 
a double gate into a screw conveyor, to return the dust continuously to 
No. 7 hearth of the roaster. 

The draft fans furnished by the Robinson Ventilator Co. were of 
equivalent capacity, of Sirocco impeller type, with double inlet and cen- 
tral impeller, and were built entirely of chrome iron without water 
cooling except for the sleeve bearing oil reservoirs. They were driven by 
variable-speed 10-hp. motors to control the pressure at the roaster-gas 
offtake at zero. 

While two installations of these collectors on pyrites burners had 
operated satisfactorily, there had been none for the particular conditions 
to be met, and some troubles in addition to opening of seams and leakage 
were experienced in operation. 

Granular dust was almost completely removed, but oxides carried 
through to convert into sulphated fume and deposited throughout the 
entire system up to dust chambers at the Glover towers, requiring con- 
siderable cleaning of flues. 

With high-lead ores, 2 to 3 per cent Pb, the fume built up in rocklike 
character and could be removed only by manual chiseling, the critical 
temperature being that at the dust collector and a few feet beyond. 

Fume deposits on the fan impeller resulted in unbalance and vibration, 
and was largely rectified by impellers of the paddle-wheel type, which are 
more easily cleaned, by an increase in shaft diameter and substitu- 
tion of Timken bearings with oil-circulating system for the original 
sleeve bearings. 

Conclusions drawn from experience with this system indicate that 
a brick-lined collector would have been preferable, placed as close to the 
roaster as possible, to the extent of making it the gas offtake, thus 
removing the maximum of ore dust and oxide before it could be converted 
into fume by reaction with the gas and a lowered temperature. The 
draft fan should then be placed as close to the collector as possible and 
connected by an insulated and lined flue for maintenance of temperature. 
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Since fume formation is a function of the temperature, and sulphated 
fume settles out readily, temperature may be used as a guide to selection 
of dust chamber versus Cottrell, as dictated by heat requirements of the 
Glover tower and by brimstone provisions, any sulphated fume carried 
beyond the sulphur burner connection being subject to thermal dissocia- 
tion into oxide and thus carried into the Glover tower. 


OTHER EQUIPMENT 


Pyrometric equipment consisted of Chromel-Alumel couples on each 
hearth (Fig. 1), and a couple at the hot fan, all connected to an indicating 
pyrometer through a multiple-point switch. 

All control switches, regulators, thermometers, pyrometers, instru- 
ments and gauges were brought to a common control panel for two 
roasters, located on the top floor. Auxiliary controls and certain other 
controls were placed at convenient points. 

An exception to normal practice was in making the top floor—even 
with the drying hearth—the operating floor. This is permissible because 
the ore contains sufficient moisture to eliminate the dust nuisance, and 
the roaster draft is under fan control to eliminate normal gas nuisance. 
With ore feeders and much equipment at the top elevation, that was 
determined upon as the point of operating control, making possible a 
closely regulated flow of ore, observation of the operation of the roaster 
feeders, and proper care of the draft fan. 

Inasmuch as the ore was to be dried to only 3 to 4 per cent moisture to 
reduce or eliminate dust losses, and the tendency to pack and hang up 
had to be met, a plan had to be worked out for handling the green ore. 
Drying, screening and crushing equipment, in a building some 400 ft. 
distant and at a much lower elevation, was completely revised and 
replaced to deliver dried ore to feeder bins there, subject to roaster 
demand. The conveyor system comprised pan feeders under these bins 
delivering to some 500 ft. of belt conveyor with two transfers, equipped 
with an automatic scale and a lifting magnet, and discharging finally 
onto a shuttle conveyor for delivery to any one of four 80-ton capacity 
bins, one for each roaster. The conveying system was designed to 
deliver the requisite tonnage within three to four hours at full demand. 
Control is carried to a central point at the discharge onto the shuttle 
conveyor, and the entire transfer system from the dry-ore bins to the 
roaster bins is operated from this point by one man in 2 to 8 hr. per day. 

The roaster bins are suspended from the building structure, the 
bottoms being closed. Feeders are heavy screws, 16 by 16 in., working 
across the width of the bin within the ore, and discharge onto belt con- 
veyors delivering to the respective roasters. The feeders are driven 
by a 3-hp. variable-speed motor through a speed reducer and gears by a 
train of intermeshed gears in tandem, one for each screw. 
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To overcome difficulties due to packing of the ore around the screws, 
it became necessary to add a lattice over the screws, the final lattice 
completely covering the screws with the exception of a slot 7 in. wide the 
full length of the screws over the space between adjacent screws where the 
thrust reaction of the flights has an upward component. As thus 
modified, the feeding of the moist ore was successful. 

As built then, the roasters are in units of two each, one unit on each 
side of the sintering plant, and each unit delivering ore through a mechan- 
ical handling system and a Baker ore cooler to one of the two units of the 
sintering plant. The ore is handled mechanically throughout and 
the layout is arranged so that two ores can be worked at one time. 

Some quantities required per roaster were: 


Tron Castings) amu. os ee = «= 144,700 lb. Red bricks......-..--+-+-- 10,500 
Steel plate: =. cme + <<a 82,800 Ib. Firebricks........--++++++- 12,500 
Structural steel..........--- 14,700 lb. Insulating bricks (4 hearths) 2,000 
ee er ee ee Se U8 Ri ha 435 tons 
One arm dressing........--- 300 lb. 


Acknowledgment is here made of the services of the writer’s assistant, 
R. E. Clark, in supervising the contractor’s structural design, inspecting 
erection, directing installation of machinery and equipment, and in being 
of material assistance throughout. Commendation is due the operating 
staff and personnel under D. C. Wray, superintendent, for maintaining 
production without serious interruption during construction of such 
magnitude in the midst of operations. 


METALLURGICAL OPERATION 


The first roaster, No. 3, was completed early in November 1928, and 
immediately placed in operation while construction was still going on. 

The roaster was preheated with natural gas to as high a temperature 
as possible and the ore was started. Very shortly temperatures came 
up but the operation was thermally unstable at initial low tonnage. 
Speed was reduced from 1.5 r.p.m. to 1.25 and 1.0 with improving results, 
and from then on only those troubles normal to a new operation were 
experienced, principally with the mechanical feeders and the central 
column bearing, as previously described. 

The roaster speed at the start was 1.5 r.p.m. At this speed the ore 
bed was thin and the roaster sensitive to heat changes. The speed 
finally adopted ranged from 0.75 to 1 r.p.m. with resultant heavier bed 
and a greater heat stability. Replacement of the original trip mechanism 
driving the screw feeders, by individual motors operating continuously, 
solved that problem and effected dependable operation and hoped- 
for results. 

Tonnages ranging from 42 to 62 were, in normal practice, roasted 
successfully without using extraneous fuel. Tonnages under 42 resulted 
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in a deficiency of heat following any interruption and necessitated the 
intermittent use of gas on the bottom hearth at the approximate rate of 
300 cu. ft. per hour. 

In this connection it is pertinent to observe that roasters are capable 
of operation at tonnages roughly 50 per cent greater when connected to a 
stack, as compared with the same roaster connected rigidly to a chamber- 
acid plant, or any similar after process. 

Operating labor for one unit of two roasters per 8-hr. shift consisted of 
one operator, one helper and one man to handle roasted ore. Additional 
day labor amounted to one chiseler per roaster, and one oiler-mechanic 
who also operated the green-ore conveying system. There was also 
available from the sintering plant one oiler-mechanic in the daytime, and 
one helper in the second shift. A shift foreman was in charge of both 
the roasting and sintering operations. 

The day schedule, aside from repairs and changes in equipment such 
as feeders, consisted of chiseling two hearths per roaster, cleaning the 
hot fan, cleaning dust collectors and flues from the roaster to the fan on 
alternate days per roaster, stocking green ore in the roaster feed bins, and 
cleaning up. As necessary the flues from the hot fans to the Glover 
towers were cleaned. 

Flue cleanings, which originally were returned to the roaster, were 
accumulated, and, by regulated feeder, fed into the ore cooler with the 
roasted ore, the sulphated flue dust being of more value in the sintering 
operation. 

A log sheet for each roaster was kept, a typical log being reproduced in 
Table 3. This shows operation with four feeders, two on No. 1 hearth, 
and one each on Nos. 3 and 5 hearths, the ore being divided normally 
50 per cent to No. 1 hearth and 25 per cent to each of the other two, 
tonnage for 24 hr. being 51.5 green ore, dry basis. The butterfly valves 
in the drier-hearth arms were open four points, and the bleeder valves at 
the top of the air-distributing headers were closed, all the cooling air ~ 
being utilized. The air valves on the several hearths were open as shown, 
14 turns being wide open, and on the bottom hearth the regulating sheaver 
is 4 in. open, 8 in. being wide open. Pressures are for the cooling-air 
supply duct, the top hearth and the hot fan, the latter being negative. 

Regulation was based upon flue-gas analysis, made with an ordinary 
Orsat using caustic potash and pyrogallic acid. Emphasis was placed 
upon the oxygen content as a requirement of the acid plant, control being 
otherwise uncertain because of the high content of SO3, as evidenced 
by opaqueness of the gas as drawn into the Orsat. 

Sulphurs given are total, sulphate and sulphide, and represent the 
minus 10-mesh product. This ore contains a small amount of pellets 
from drying, which persist through the roaster, being only partly roasted. 
The sample does not include the morning product represented by lumps 
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from the chiseling operation. Operation control by this analysis was 
found to be much more dependable than sulphurs of the total product. 


TapLeE 4.—Characteristic Operating Results on Pecos Ore 
Avrogenous Roast oN GREEN ORE, Dry Basis 


Year of 1933 January August September 
Hearth No. 3 No. 4 No. 3 No. 4 No. 3 No. 4 

Rate, tons per day..........-+-- 59.3 | 59.3 | 48.85 | 48.85 | 57.7 | 57.7 
Plus 10-mesh, per cent.......--- 10.5. | 13.58 |. 3:93 | 5.28] 4.86 | 6.27 

Total sulphur...........-+++- 10.98 | 13.65 | 16.70 | 15.22 | 15.77 | 11.88 

Sulphate sulphur........----- 1.22| 0.75} 0.40| 0.58] 0.66} 1.01 
Minus 10-mesh, per cent........ 89.5 | 86.42 | 96.07 | 94.72 | 95.16 | 93.73 

Motalsulphuri sere vt ael-) Ss) 9.44| 2.88| 2.80) 2.48 | 2.74] 2.64 

Sulphate sulphur...........-. 1.92 WRU 6.0760 pod tA Tlee 1282-42522 
Combined: 

Motal.eulphuteere ete <3. = 3.30 3.77 | 3.35 | 3.15 | 3.37 | 3.22 

Sulphate sulphur..........--. 1.84 Tales ||. CU ards) 1.42 1.29 | 2.05 
Product sinter feed: 

Total-sulphur-......21-«,-2- 2+ «i+ 3.35 3.18 3 10 

Sulphate sulphur..........--. 2.05 1.34 1.90 
Shrinkage, per cent...........-- 10.4 11.5 10.8 
Sulphur recovery, per cent....... 90.0 90.6 90.8 


January 1933: 
Ore distribution, 52 per cent No. 1 hearth, 26 per cent No. 3 hearth, 22 per cent 
No. 5 hearth. 
Air distribution, Nos. 4, 6, 8, 10 and 12 hearths. 
Average gas, 6.2 per cent SOz and 8 per cent O:. 
Average hearth temperature, 1390° 1m 
Rabbles: all large except hearths 6, 8, 10 of No. 4. 
August 1933: 
Ore distribution, 59 per cent No. 1 hearth, 20.5 per cent No. 3 hearth, 20.5 per cent 
No. 5 hearth. 
Air distribution, Nos. 6, 8, 10 and 12 hearths. 
Rabbles: all large in No. 3, all small in No. 4. 
September 1933: 
Ore distribution, 50 per cent No. 1 hearth, 25 per cent No. 3 hearth, 25 per cent 
No. 5 hearth. 
Air distribution, hearths 4, 6, 8, 10 and 12. 
Average gas, 6.2 to 6.4 per cent SO, and 8.2 to 8.4 per cent Oz. 
Hearth temperatures, 1350° to 1550° F. except No. 12. 
Rabbles: all large in No. 3, all small in No. 4. 


The sulphur analysis of the feed to the sintering plant, designated as 
S-on, represents the sulphur of the production of both roasters of a 
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unit, which also contains hearth accretions resulting from chiseling and 
cleanings from the roaster flues, the chiselings averaging 15.76 total 
sulphur and 15.60 sulphate sulphur. The ore was judged in practice by 
its appearance and development of heat when wetted. A dull brown 
color without sensible heat meant high sulphur without sulphate, while 
a bright brown to red, with development of so much heat when wetted 
that the ore could not be held in the hand, meant high sulphate and 
possibly high total sulphur; i.e., 4 or 5 per cent. Intermediate conditions 
meant less sulphate and less total sulphur. The operators became quite 
adept in forecasting sulphurs from this simple test. 

Demand for both acid and ore varied between wide limits during the 
period under review, and entailed frequent drastic adjustments. In 
general, however, the operation proved flexible enough to meet these 
varying conditions, provided the equipment was maintained in a good 
state of repair. This applies particularly to the flue system, dust collector 
and hot fan, any openings in the flue system under high suction having an 
adverse effect on the operation, making control of air for roasting difficult, 
lowering the SO, tenor of the gas and overloading the acid head fan. 
Close cooperation is essential between the operators of the roaster and 
the acid plant, the two units being rigidly interconnected with but a 
minimum of gas leakage being tolerable, and that for short periods only. 

Characteristic operating results under stated conditions are given in 
Table 4. 

The effect of feeding ore at the end of a roast is indicated by a quo- 
tation from the operating report for the month of March, 1932, the Febru- 
ary data being included for comparison of bottom feed (Table 5). 


“No. 4 roaster was operated throughout the month at the rate of 43 tons green ore 
daily. Normal feed was used with 50 per cent of the ore on No. 1 hearth, 25 per cent 
on No. 3 and 25 per cent on No. 5. On the first of the month a feeder was added on 
No. 9 hearth, feeding at the rate of 1.7 per cent of the ore feed in the upper part of the 
roaster. On the third this feed was increased to 2.1 per cent, on the fourth to 4.6 per | 
cent and on the twenty-sixth to 6.3 per cent, the average being 4.66 per cent. The 
purpose of this feed on No. 9 hearth was to improve temperatures in the bottom of the 
roaster to effect better desulphurization.” 


Some of the conclusions that may be drawn from these data are 
obvious. In the first place, the operation is sensitive at low tonnages, 
though not difficult to control provided the flue system is tight and the 
hot fan in good operating condition, and something equivalent to this 
pertains to all operations. There are indications that autogenous opera- 
tions can be maintained at inputs as low as 40 tons, that there is no 
question about operating in this manner at inputs of 45 tons and that the 
operation improves in stability at inputs up to 60 tons. 

Optimum speeds for desired results are from 0.75 to 0.90 r.p.m., and 
this is limited by the depth of rabble load, in turn a function of the 
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temperature with respect to the softening point at which the ore becomes 
sticky. Operating data presented are for speeds of 0.79, 0.87 and 1 r.p.m. 


TaBLE 5.—Effect of Feeding Ore at End of Roast-Pecos Ore 


LE ee 
No. 3 No. 4 No. 4 Feb. 
Patestonsiper dh y-. perch. Mate tens oe vi e08 49.5 42.7 41.0 
Plus\ 1O=mesh, per, cents... - 5 eee eee eee 9.63 10.53 10.17 
Mocalestl phurommerets =. where ss a A ees 9.21 11.89 9.08 
Sulphate-sulphur: -7.... 0.6. eee eee eee eee 1.33 1.36 2.09 
Minus 10-mesh, per cent.......--.-.--.-.--+--:- 90.37 89.47 89 .83 
aHogaill Cul, ono 6 bot G50 dod acre ciomO mo 2.68 3.68 4.08 
ted ate cub laut. Pea ian «lawns cals oe 2.05 2.59 | 3.50 
Combined: 
POCAL SUMO IUITS foci 2 ere eee Hie oe St 3.31 4.54 4.59 
Sulphate sulphur.:..5....--5..-0 0.0... ee eee ees 1.98 2.46 3.36 
Product sinter feed: 
CAVES META che Gall Ste oe ge ac cae 3.92 
Sulphate sulphur...........-.---seseee eee se ee: 2.94 
Shrinkage, per cent.......--.--.esee eerste reese 8.15 
Sulphur recovery, per cent......-.--+--+++aseseee 8 


Distribution of the ore effects favorable modification of the temper- 
ature gradient, which conforms closer to the average value than when 
the ore is fed entirely into the top hearth. Because of production require- 
ments, the possibilities here were not fully explored, but it is not at all 
impossible that more extensive distribution of ore with a smaller pro- 
portion on No. 1 hearth might be advantageous, resulting in a more even 
heat gradient. Pecos ore will “snowball” at 900° C. pyrometer reading 
and stall a roaster. 

Distribution of air is very flexible. It was found that the bulk of the 
air could be moved from the bottom up to and including Nos. 4 and 6 

‘hearths without affecting SO. content, but it is preferable to admit most 
of the air into Nos. 10, 8 and 6 hearths in that order, with sufficient air 
admitted into No. 12 hearth to satisfy the draft there. Where sulphur 
is high the admission of air increases temperature, thus admission of air 
into No. 4 hearth raises temperatures in that zone. Distribution of air 
also increases formation of sulphates and promotes the sulphate-sulphide 
reaction within the ore bed on the hearth. 

The smaller rabbles have the effect of increasing the formation of 
sulphates, and, other conditions being equal, reducing the percentage 
of plus 10-mesh oversize and the sulphur content of roasted ore. This 
result is very much to be desired, it having been amply demonstrated 
that a roast of the type produced—i.e., a high percentage of the total 
sulphur as sulphate—must be of this character for satisfactory sintering, 
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and if not of this character may be but partially sinterable, or must be 
sintered twice for producing an acceptable sinter. Sintering is not, 
however, the subject of this paper and will not be discussed further here, 
though it may be observed that an appreciable flavoring of the require- 
ments of Rigg’s process is necessary in sintering after that of Baelen. 

The book record for the year 1931 shows clearly over-all results in 
treating several different ores and mixtures at widely varying rates, 
governed by acid demand: 


WEIGHT ZInc SULPHUR 
Greentore® 1b aihcurs cise. Skeet. oe eee 79,876,277 48,412,895 24,399,908 
Rosstediores basses. mr: Meets eee eee a eee 70,026,444 42,828,947 2,592,806 
Loss (shrinkage and dust), Ib................ 9,849,833 583,948 21,807,102 
Logg, per Cen bye 54. ose « ohare Pea eas cars 12.33 1.34 89.37 


While Pecos was the basis of operations and accounted for the bulk 
of production, other ores were treated alone and later certain of them 
mixed with Pecos. Analyses of several are given in Table 6. Of these, 


TaBLE 6.—Analyses of Various Ores 


Percentages 
Ore 
Zn Ss Fe Pb CaO MgO Cd Ag 
Pecdss cerns. -optenor Baek 54.2 | 30.4 | 6.5 1.37 | 0.55 | 0.69 | 0.10 | 3.34 
A D7 On| OUs (alas 2.15 | 1.40 | 1.05 | 1.08 {20.90 
8 ot eas cer Ne cikS wo 57.5 | 30.3 | 5.8 0.52 | 0.66 | 0.50 
C 57.3 | 31.6 | 4.1 1.54 | 0.43 | 0.36 | 0.83 |18.57 
DAR Se deer At lene ane 56.1 | 29.9 | 2.45 | 2.00 | 0.79 | 0.58 17.25 
E 55.4 | 31.2 | 4.9 2.30 | 0.20 | 0.14 3.30 


ore B, which is a complex zinc-iron sulphide, largely marmatite, did not 
roast to the required sulphur without extraneous fuel, though the use of 
natural gas at the rate of 300 cu. ft. per hour with a 45 to 50-ton feed 
resulted in a dead roast. This ore was roasted successfully mixed with 
Pecos, though with more difficulty than Pecos alone. The other ores were 
all successfully roasted alone, but because of the difficulties attendant on 
the heavy fuming characteristics of the high-lead ores it became the 
practice to mix them with Pecos unless cadmium values necessitated 
segregation and saving of the fume. 

How Joplin and Tennessee flotation concentrates would roast in these 
roasters is not known. Laboratory tests showed that they roast some- 
what more easily than Pecos, therefore it is possible that they would roast 
satisfactorily without extraneous fuel. 

Flotation concentrates, or concentrates ground to 100 per cent minus 
20-mesh and containing a large amount of fines, are the only zinc ores 
that can be expected to roast in a comparable manner. 
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Pecos ore contains approximately 1.5 per cent copper and this copper 
as oxide is sufficient in its catalytic function to produce sulphate sulphur 
in the roast, partly, if not wholly, at the expense of sulphide sulphur. 

The book record for the year 1931, above, indicates a low dust 
loss. To some extent this is an arbitrary figure and is based upon scale 
weights, dry basis, of green ore entering the plant, and of sinter produced, 
and includes losses in drying and handling. The total unaccounted zinc 
amounted to 1.77 per cent, of which 1.34 per cent was allocated to roast- 
ing. This is equivalent to slightly less than 2.50 per cent ore basis, and 
is a net figure reflecting salvage of flue dust. Dust carried out of the 
roaster amounted to approximately 3 per cent compared with an originally 
assumed 5 per cent and a usual 7 to 9 per cent, the anticipated decrease 
having been based upon the method of feeding the ore. In the first 
place the feed is continuous, not a batch periodically dropped on a thick 
ore bed close to the gas offtake, and in the second place the feed is at the 
level of the ore bed without drop, so that little dusting results. The ore 
also is dry and hot, so that there are no moisture explosions. 

In selection of dust collectors, laboratory tests were made by the 
manufacturer, using samples from the Hegeler kilns, and this was 
followed by service tests made by the author with a field outfit. These 
tests indicated recoveries of 87 to 90 per cent at optimum inlet velocities 
running hot, compared with the manufacturer’s results of 97 to 99 per 
cent cold. 

After installation, weighed products of the dust collector amounted 
to 2380 Ib. in 2314 hr., that being the continuous operating period. 


TaBLE 7.—Analyses of Flue Dust 


ne nnn LS==rs/ Sun NET SneSrISSEEDIEEET nS nnSSNE EERE 


A Dust Collector, Flue to Fan, Flue to Acid, 
EBS Per Cent Per Cent Per Cent 
UE OCS Dies | ee SP ER, PCE Pr 49.1 25.2 31.8 
(Cie Dee Res ois re one ont rane: 0.205 0.63 0.62 
[Ely a oie eae SA einer mr 2.16 18.41 13 .40 
Oe ens cele Shawerae ee rele. ore 0.66 0.73 
Tie SPE EAD, Ae crt of 3.95 4.85 
Ag aGzoat. §4-. cc. don pitidepeniaee. ate 3.76 3.68 

ne ea Fe ee real cpuby ner bas ed oly eiae 22 .00 15.92 15.42 
PT BOWIDIC) ss sc. ¢ oan lent pcos me diene > 21.6 21.4 


Se 


This is equivalent to return of 110.7 lb. per hour, or 2.2 per cent of the 
ore rate. 

In a more complete test made by Cottrell representatives, sampling 
was done in the flue between the collector and the fan, no determinations 
being made of the dust carried out of the roaster. Concurrently the 
eol-stor dust was weighed and amounted to 42 lb. per hour. Dust 
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actually fume, collected in the sampling apparatus indicated a loss of 
31.7 lb. per hour. Respective values were 49.1 Zn, 2.16 Pb and 19.8 Zn, 
29.35 Pb. However, the dust recovered represented 1.096 per cent of the 
roaster feed and the fume loss 0.828 per cent. If any great dust loss 
had been present the latter figure would have been much higher. Actual 
flue-dust analyses are given in Table 7. 

Assuming sulphur combined with zinc to be soluble sulphate, and 
distributing the sulphur as sulphate, it is found that sulphate formation 
follows the formation temperatures rather closely, the order being lead, 
cadmium, zine, copper and iron. The early deposition of lead supports 
this and explains the characteristic flue deposits from high-lead ores. 
The orange color of Pecos fume indicated the presence of iron oxide and 
lends further support. Samples taken at the dust chamber of the Glover 
tower would probably have shown further progress of this action. An 
analysis of acid when treating ore showed: Zn, 0.0515 per cent; Cd, 
0.0513; Pb, 0.0372. 

It can be safely stated that the dust losses are low and well within 
the 5 per cent design figure; in fact, under 3 per cent ore basis. 

A survey of No. 4 roaster, which operated at an average input of 
24 tons of ore daily with brimstone burned on No. 11 hearth at the rate 
of 8 tons daily, is given to indicate the effect of such practice, Dewey 
having done somewhat the same thing some 25 years ago. (Table 8.) 

The ore tonnage was very low, the roaster being operated in this 
manner temporarily in preference to shutting it down. What the results 
would have been with normal tonnage is not known. 

In this operation no difficulty was experienced in feeding and burning 
the brimstone. Observation indicated that the brimstone, while it 
melted and formed a pool, was completely volatilized and burned in 
one-fourth of the hearth area. Conclusions can be only indicative, the 
ore tonnage being too low for any normal operation. It is apparent that 
brimstone burned in this manner increases sulphate formation, which is 
desirable in promoting the hearth reaction, but that it should not be 
burned at any one point to raise temperatures much above the lower limit 
of sulphate dissociation, 755° C., in a preroasting operation followed by 
sintering. This effect is observable in the sampling of No. 11 hearth, 
though the high total sulphur shown is undoubtedly due to contamination 
by unconsumed brimstone, and the true composition of the ore on this 
hearth is quite different from that given, as is evidenced by the analysis 
of the sample from No. 12 hearth. 

It appears reasonable to conclude that the use of brimstone will 
promote the desired results, and that the character of the roaster product 
can be controlled by varying the amount of brimstone burned and by 
introducing it at more than one hearth to control temperatures; in this 
instance on No. 9 hearth or both 9 and 11. 
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TaBLE 8.—Survey of No. 4 Roaster 


ORE AND BRIMSTONE 


Hearth No. ee: 
Deg. F. 
1 1270 
2 1420 
3 1340 
4 1380 
5 1310 
6 1350 
7 1320 
8 1310 
9 1300 
10 1460 
11 1470 
12 1090 
Producten. 2+ >> 
Combined........--- 


Average for month. 
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Sulphur, Combined, 
Per Cent Per Cent 
Total's 
ota 
Total Ler go phate 
28.70) 0.16 |28.85) 0.21 | 1.15 
28.74) 0.18 
28 .93| 0.22 
20] 0.19 |27.10| 0.28 | 1.75 
.98] 0.20 
.75| 0.30 
.92| 0.32 |17.93) 0.38 | 9.17 
EOL 
.13) 0.40 
.04| 0.06 |19.19| 0.384 |+1.26 
24 .26| 0.14 
19.29] 0.40 
22.08] 0.36 |12.75) 0.59 6.44 
19.13) 0.35 
11.04) 0.65 
21.12) 0.57 |11.68) 0.66 1.07 
18.72) 0.27 
9.20) 0.71 
17.68] 1.47 | 6.91] 1.40 4.77 
12.72) 1.08 
4.56] 1.42 
14.64] 1.80 | 5.53] 2.19 1.38 
8.16} 1.52 
3.68) 2.29 
11.52| 4.17 | 6.27) 4.67 |+0.74 
6.40) 3.78 
5 .32| 4.83 
8.24] 4.82 | 5.80) 5.24 0.47 
5 .04| 4.67 
5.56] 5.37 
18.08] 0.66 |13.23| 0.97 |+7.43 
10.52] 1.20 
10.31} 1.06 
7.40} 2.32 | 3.88) 1.99 9.35 
4.52| 2.57 
3.05] 1.88 
9.18) 2.78 
3.89| 2.67 
4.65] 2.69 
4.45) 2.57 
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Such a process would be particularly applicable to the refractory class 
of ores as represented by ore B, and might prove advantageous in the 
roasting of Joplin and Tennessee ores, and any concentrates too coarse 
to be amenable to treatment in the process under discussion. 

To explore the progress and characteristics of ababiariboo co! 
hearth iss oe were taken in January 1932, when a mixture of 2 Pecos 
ore and 14 ore E was in process, and when the other of the two eee 
of the me was operating partly on ore and partly on brimstone, a con- 
dition that made control difficult. The data, however, are illustrative 
of the process with these modifications. The samples were grab samples 
taken about 24 in. inside the side walls, so that, numbering from the top 
down, samples from the even hearths represented passage over two 
hearths and one drop, while samples from the odd hearths represented to 
some extent the effect of the ore falling through the drop hole. At the 
time, 55 tons of ore was in treatment, 27.5 tons into No. 1 hearth and 
13.75 tons each into Nos. 3 and 5 hearths, with collector dust into No. 7. 
Air distribution, based upon valve opening without regard for internal 
negative roaster pressures, was 16.9 per cent into No. 4 hearth, 25.31 per 
cent each into Nos. 6, 8 and 10 hearths, and 7.16 per cent into No. 12 hearth. 

Samples were screened and sulphurs determined for plus 10-mesh, 
minus 10 plus 20, and minus 20-mesh. Screen test variations were 
unquestionably due to ‘“‘snowballing”’ of the fines on agglomerated pellets, 
the green ore screening 8.3 per cent minus 10-mesh, 6.7 per cent minus 10 
plus 20-mesh and 85 per cent minus 20-mesh, and the roasted ore 7.2 per 
cent minus 10-mesh, 6.7 per cent minus 10 plus 20-mesh and 86.1 per cent 
minus 20-mesh. 

The sulphurs show clearly that roasting is effective, below rather high 
sulphur limits, in the fines through 20 mesh, and that the formation of 
sulphates, desired in the following sintering operation, is confined almost 
entirely to the fines. This is strikingly noticeable on hearth No. 10, 
through a combination of air with a temperature of 1390° F., which 
coincides with Hofman’s temperature of dissociation of sulphate, 755° C. 
The loss of this sulphate with accompanying decrease in sulphur suggests 
the sulphate-sulphide hearth reaction. Table 9 presents this survey. 

Through the courtesy of B. N. Zimmer, of The American Metal Co. 
Ltd., a survey of No. 3 roaster operating on Pecos ore was made in August 
1936. The data obtained are shown in Table 10 and illustrated by the 
graphs in Figs. 4 and 5. 

While sampling is necessarily faulty, there being some danger of 
catching lumps or scale, and, having to be done quickly through an open 
door normally closed, fines in the ore may be lost because of air currents 
set up, more so in sampling the outer drop holes immediately in front of 
the doors, still the data bring out interesting information. These data 
may be more readily followed by means of a table showing the magnitude 


Hearth No. 


10 


i 


12 


Productstecrenee 


Combined ss-.ece. 


Average for month. 


MUNROE F. WARNER 


TaBLE 9.—Survey of No. 3 Roaster 


Two-ruirps Pecos ORE, ONE-THIRD ORE E 
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Loss, 
Total 8 


3.95 


+1.30 


+1.83 


0.67 


Per Cent Per Cent 
Sul- | Total | Sul- 
Total | phate iS} pists 
26 .56| 0.03 |26.05) 0.11 
27 .20) 0.05 
26 .96) 0.13 
19.84) 0.19 |21.95} 0.23 
23 .28) 0.14 
22.40) 0.25 
25 .04| 0.21 |23.25) 0.40 
24 .25| 0.29 
23.12) 0.42 
24.25) 0.26 |21.57| 0.46 
24.49] 0.27 
21.12) 0.49 
19.76} 0.43 |18.28) 0.45 
23.44) 0.25 
17.70| 0.47 
22 .96| 0.23 |18.14) 0.46 
23 .84| 0.24 
17.36} 0.50 
22.56) 0.50 |12.04) 0.66 
17.60) 0.47 
11.28] 0.69 
18.92} 0.44 |13.87| 0.56 
19.36] 0.40 
12.92) 0.59 
21.88} 0.16 |12.34) 0.50 
20.52| 0.17 
10.64| 0.52 
17.28) 1.35 | 9.91] 1.69 
13.89] 4.48 
8.32) 1.10 
18.80] 0.10 | 7.02) 0.43 
15.88] 0.19 
5.16) 0.48 
19.51] 0.28 | 6.35) 0.68 
15.32) 0.31 
4.54) 0.73 
15.44| 0.76 
3.02} 0.87 
4.16) 0.85 
3.88] 1.47 
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of changes taking place, consolidating the data to stress the progress of 
the process (Table 11). 
Recalling that the odd-numbered hearths are “in” hearths, the center 


Temperature,°C. 
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increases shown in total and sulphide sulphurs of the outer drop holes 
probably do not occur, for reasons given above, and may be disregarded. 

It appears from Table 11, and also from the graphs, that drop-hole 
effect is practically negligible within the time interval existing, until 
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Fig. 5.—OccurRENCE OF SULPHATE SULPHURS IN ROASTING PECOS ORE. 


No. 10 hearth is reached, unless sulphates are formed in suspension and 
immediately lost in the sample by reaction with sulphides. It seems 
reasonable to conclude that the desulphurization is almost exclusively 
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a hearth reaction at temperatures above the formation temperature of 


zine sulphate. 


10 
10 


11 
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TABLE 10.—Survey of No. 3 Roaster, Aug. 12, 1936 


Prcos ORE 
Sulphur, Per Cent H:20 Solubility 
Hearth No. 
Total Sulphate Sulphide Soluble 8 
On? 31°20 0.22 30.98 OMS 0 
Off 27.70 0.35 27.30 0.27 0 
On 27 .80 0.22 27.58 0.16 0 
Off PAU TAY 0.35 21.35 0.28 0 
On 23 .60 0.38 23 .22 0.26 0 
Off 20 .60 0.47 20.13 0.35 0 
On 20 .50 0.61 19.89 0.50 0 
Off 14.80 0.54 14.26 0.45 0 
On 17.92 0.53 17.39 0.48 0 
Off 18.64 0.36 18.28 0.30 0 
On 17.92 0.41 17.51 0.39 0. 
Off 11.68 0.47 11.21 0.40 0 
On 14.52 0.60 13 .92 0.51 
Off 12.92 0.51 12.41 0.41 
On 13.68 0.47 115320 0.40 
Off 10.44 0.47 9.97 0.42 0 
On 11.50 0.55 10.95 0.54 0 
Off 9.40 0.40 9.00 0.40 
On 10.00 0.40 9.60 0.40 
Off 7.06 3.07 3.99 2.34 
On 7.70 0.64 7.06 0.54 
Off 4.70 0.45 4.25 0.38 0 
On 4.81 0.48 4.33 0.47 
Off 2.43 0.87 1.56 0.75 


0. 
0. 


Insoluble 8 


.07 
.08 


.06 
.07 


12 
12 


saul 
.09 


.05 
.06 


¢ Samples noted ‘‘off”’ were taken on the hearth at the edge of the respective drop 


holes, 
hearth and just before reaching the succeeding hearth. 


and samples noted ‘‘on” were taken at the end of the drop from hearth to 
The on-off difference then 


represents the hearth effect, while the off-on difference represents the drop-hole effect. 


Fig. 4 indicates that hearth roasting proceeds rapidly down to 
hearth 6, except as it is apparently retarded on hearth 5 by ore fed there, 


414 THE WARNER-INGALLS ZINC-ROASTING PROCESS 


and that the air-admission hearths show an increased rate of desulphuriza- 
tion. From hearth 7 down, roasting proceeds at a retarded but uni- 
form rate. 

Fig. 5 shows the occurrence of sulphate sulphurs. The amounts 
are so small as to cast suspicion on their being present, and they do dis- 
appear on hearth 9 where sulphur content is lower. It is possible that 
sulphate sulphur formed in the cooling of the sample. 


TaBLE 11.—Sampling 


Sulphur, Per Cent 


Ore, Air, 
Hearth No. Per Cent Per Cent 


Suiphate | Sulphate | Sulphide | suihur 
1 52.4 +0.12 +0.01 —3.63 —3.50 
1-2 —O- nt —0.02 +0 .23 +0.10 
2 +0.12 +0.01 —6.23 G10 
2-3 —0.02 +0.05 +1.87 +1.90 
3 26 .2 +0.09 0.00 —3.09 —3.00 
3-4 +0.15 —0.01 —0.24 —0.10 
4 Vet —0.05 —0.02 —5.63 —5.70 
4-5 +0 .03 —0.04 +3.13 +3.12 
5 21.4 —0.18 +0.01 +0.89 +0 .72 
5-6 +0.09 —0.04 = Were —0.72 
6 19.4 +0.01 +0.05 —6.30 —6.24 
6-7 Sirad ey a +0 .02 ae! +2 .84 
7 Dust —0.10 +0.01 —1.51 —1.60 
7-8 —0.01 —0.03 +0 .80 +0.76 
8 19.4 +0 .02 —0.02 —3.24 —3.24 
8-9 +0 .12 —0.04 +0.98 +1.06 
9 —0.14 —0.01 eae —2 a0 
9-10 0.00 0.00 +0 .60 +0 .60 
10 19.5 +1.94 +0.73 —5.61 —2.94 
10-11 Sey —0.63 +3 .07 +0 .64 
11 13.9 me EUG) —0.03 2.50 —3.00 
11-12 +0.09 —0.06 +0 .08 +0.11 
12 1637, +0 .28 +0.11 me det tf —2.38 


The phenomenon occurring on No. 10 hearth is characteristic. A 
large volume of air is admitted here, the sulphur content is comparatively 
low and the temperature is above the dissociation temperature of zinc 
sulphate. Both water-soluble and insoluble sulphurs increase greatly, 
the former from 0.4 to 2.34 per cent and the latter from 0 to 0.73 per cent. 
This is accompanied by a drop in total sulphur of 3 per cent, and is 
followed by notable drops in sulphur on hearths 11 and 12, these being 
of the order of 14 to 14 the remaining sulphur. 

The action on No. 12 hearth is readily explainable in the sulphide- 
sulphate reaction, the temperature being such as to promote sulphate 
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formation. That on No. 10 hearth is undoubtedly due to the large 
amount of air admitted, which, at 450° F., follows hydraulic principles 
and blankets the ore bed, thus reducing the surface temperature suffi- 
ciently to promote active sulphate formation. The temperature of the 
ore was not taken, and may well be 20° to 40° C. below that of the hearth 
atmosphere, which was measured. The sulphate thus formed, and not 
consumed in the hearth reaction, is dissociated in the 10-11 drop-hole 
effect, yielding SO3, which returns and sustains sulphate formation on 
that hearth. Water, of which a total of some 4 lb. a minute accompanies 
the air, may enter the reaction also. 

The hydraulic principle with respect to air as utilized applies where 
air is admitted, but the sulphate thus formed is immediately used in the 
hearth reaction where sulphurs are higher and is consequently absent 
in samples. 

What reactions definitely occur in roasting is debatable. The author 
has believed the roasting process to be two-stage and double, and this 
seems to be borne out in this operation where the issue is not clouded 
by extraneous fuel. The reaction is probably a stage of sulphate forma- 
tion represented by the two reactions ZnS + 202 and 3Zn0:280s, 
followed by the hearth reaction 3ZnSO,4 + ZnS = 4ZnO + 480.2. This 
may be partly drop-hole effect, but is certainly principally hearth reaction. 

Examinations of roasted ore representing the whole product as 
sintering-plant feed disclosed the presence of both basic and water- 
soluble zinc sulphate, the normal ratio being about 1:1 and varying 
directly as a function of the total sulphur; the proportion, but not the 
quantity, of basic sulphur increasing with total sulphur. 

Analyses of flue dust, taken where temperatures are below that of 
dissociation of zinc sulphate, show contents of 21.6 per cent soluble out 
of 25.2 per cent total zinc, and 21.4 per cent out of 31.8 per cent total. 
Sulphide sulphurs were 1.51 and 1.82 per cent respectively, which leaves 
0.31 and 6.44 per cent zinc as basic sulphate. Something of this nature 
may take place where the air admitted blankets the hearth. 

Thorpe gives a number of basic sulphates, 2, 3 and 5 ZnO-SOs, while 
Mellor affirms the reaction ZnO-SO3. Maier gives the complete reac- 
tion as 2ZnS + 202 = 27nO + SOx, and concludes this to probably result 
from consecutive reactions ZnS + 202 = ZnSO., ZnSO. = ZnO + SOz 
and SO; = SO2 at WOz. 

The developments of Fulton in suspension roasting some years ago, 
wherein the product was largely sulphate, and the down-draft roasting 
of Coolbaugh are instructive in an analysis of this question. 

In Pecos ore the copper content as oxide definitely does promote 
sulphate formation, either directly as a catalyst or indirectly in converting 
SO, to S03. Iron also has this effect when oxidized to Fe,03. Judging 
by the color of roasted Pecos ore, however, and based on experience, the 
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roast must approach a sulphur content under 3 per cent before ferric 
oxide forms, and under such conditions the remaining sulphur may be 
nearly all sulphate. 

Operating costs are interesting, though the lowest possible costs 
were never realized, the production schedule never having demanded oper- 
ation of all four roasters, either in number or tonnage (Table 12). 

The installation of these roasters effected several economies and 
avoided expected additional investment. Recoveries of sulphur returned 
to a level somewhat higher than had obtained in roasting normal con- 


TABLE 12.—Operating Costs of Roasting Pecos Ore, 1933 


Month Pcp Green Ore, | Cost per Ton 

January.28-U. -aheb ete as cere hc 2 3,416 $0 .729 
Hebrusnye pte tc ieee tak eee 2 2,768 0.756 
Marches. 2 ...7 totes bes Oren ee eect 2 3,493 0.774 
April sais sree. Mer rye ede eee eae 2 3,407 0.678 
Mayans Sete Rect eee ete 2 3,492 0.71 

SUTISHES. tate rete hee cg Bie anes Re Nee aie 2 3,118 0.83 

Jules. xt Oe ces Ae hs ah cee ater 2 3,275 1,175 
AUPUSt austin at erick es ed ate: 2. 3,472 0.853 
Sep tember st. mack bev. Stare hace ts 2 3,581 0.776 
October caer ches acades cote oon 2 2,977 1.017 
November wast ce tee ees eee > 3.048 1.114 
December) /ordaysnw. sence «te ette kee 2 464 1.565 
Adjusted cost for year.............. 2 36,744 0.856 


centrates in the Hegeler kilns, the gases were stronger, being higher in 
SO, content and carrying an appreciable amount of SO;, thus reducing 
niter consumption. Reduction of dust losses was considerable and 
operating difficulties were much relieved. Decrease in the volume of gas 
from that of the Hegelers, and also a smaller volume than would have 
been, and is necessary when using extraneous fuel, released tower and 
chamber space and increased the capacity of the acid plant to make it 
unnecessary to further consider an expenditure for that purpose. 

The type of roast produced, containing sulphate found necessary for 
satisfactory sintering, could not have been produced as desired by any 
roaster then known, with the possible exception of the O.R.D. roaster, 
though not well suited to ore of the character to be treated, and perhaps 
the Coolbaugh roaster as well, since all required extraneous fuel for 
reduction of sulphurs to the required content, and consequently operated 
at temperatures above the dissociation temperatures of such sulphates, 
and this situation is unchanged today, so far as the author knows. 
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In 1927-1928, others were developing plans along parallel lines to 
solve similar problems as modified by local requirements, principally 
with respect to ores to be treated. All of these roasters were departures 
from customary practice in point of size, being of 12 to 16 hearths, the 
roasters of Queneau at Donora being distinguished by the number of 
hearths, 16, and the adoption of brimstone as extraneous fuel, the brim- 
stone being fed to burners as liquid and admitted into the roaster as vapor. 
Of this group the roasters at Langeloth went into production first, closely 
followed by East St. Louis, Donora and Rosita, possibly not in that 
order, and somewhat later by Moundsville. 

The subject is still very much alive, and it is hoped that this paper 
may contribute something of value, particularly to the question of hearth 
roasting versus flash roasting, or suspension roasting, of zinc ores. 


Horizontal Retort Practice of the National Smelting Company, 
Limited, Avonmouth, England 


By T. B. GyzEs* 


ZINC is made by the National Smelting Co. and its associates by both 
the horizontal retort process and the vertical retort process developed by 
the New Jersey Zinc Co. This paper deals only with the horizontal 
retort practice at Avonmouth. 

That the horizontal retort process does survive in all countries in 
some form or other is due to at least partial success in overcoming some 


at 


Fia. 1.—GENERAL VIEW OF AVONMOUTH WORKS. 


of the inherent difficulties of the process. The horizontal retort furnaces 
ran into considerable difficulties when the product of the selective flota- 
tion of mixed lead and zinc ores became the normal material for treatment. 
It is necessary, therefore, to make some reference in connection with the 
process to the preliminary treatment of the ore prior to distillation. 
Therefore we include some small reference to this aspect in our description. 


FurRNACE DrsIGN AND STRUCTURE 


Of the types of furnaces in operation at the company’s various works, 
those at Avonmouth are perhaps more typical of the trend to utilize large 
units, with a subsequent saving in costs, such as heating and supervision. 
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Such advantages, of course, are offset by less detailed control in a process 
where every retort is, in fact, a small separate unit. 

There are four Avonmouth furnaces, each of which produces approxi- 
mately 12.25 tons of metal per day. There are 384 retorts per furnace; 
each side having four rows of 48 retorts each. The furnace is divided 
into four main sections, each of which has its own separately controlled 
gas and air systems, but all connected to the common live gas main and 
common waste-gas flue. The furnace is of the Rhenish type and the 
maximum temperature attained in the system is 1400° to 1430° C., which 


Fig. 2.—ExXtTERIOR VIEW OF FURNACE. 


is lower than that used at one time but is sufficiently high for the use of 
regenerators and to permit the use of waste-heat boilers. 

The furnace is “‘reversed”’ every 20 minutes and thus the waste gases 
pass alternately through the two regenerator settings. The air reaches 
the combustion chamber at about 1000° C. The waste gases leaving the 
regenerators have a temperature of about 600° C., and are then passed 
under specially designed boilers to provide steam for the producer-gas 
plant and elsewhere. 

The furnaces are repaired one section at a time, and the average life of 
the furnace as a whole may be taken as 4 to 5 years. This is a consider- 
able improvement on the 214 years that was the usual life before the 
introduction of new roasting practice to be described later. 


Retort CoMPosirviOoN AND MANUFACTURE 


The size of the retorts has been considerably increased in recent years; 
at present, they have a capacity of the order of 2.86 cu. ft. The inside 
dimensions are approximately 8 by 11 by 5 ft. 5in. long. ‘There are very 
few larger retorts in operation elsewhere. 
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There is a limit to the dimensions to which a retort can be made: 
(1) because of the structure of the furnace itself; (2) the difficulty of 
driving heat through to the center of the charge increases as retort 
diameter is increased; (3) there is a limit to the length and capacity that 
workmen can cope with; and (4) when the distillation period is confined 


Fig. 3.—INTERIOR OF FURNACE, SHOWING RETORTS IN POSITION. 


to, say, 20 hr. of the day, there are practical limits to the amount of 
metal that can be distilled over. 

Retorts should have flawless structure, low porosity and high refrac- 
toriness. ‘There has been considerable research in the pottery section as 
to the type of clays to be used. Much depends on the type of ore to be 
treated, and as mentioned later, the sintering process developed by this 
company has materially assisted in raising the retort life to the order of 
40 days. Nevertheless, careful retort manufacture is an important factor 
in this improved life. 
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The retort mixture consists of roughly equal proportions of plastic, 
semiplastic, and calcined clays, together with a small quantity of coke. 
Although it is unwise to base too much importance on the average chemi- 
cal analysis of a refractory mixture, the composition is approximately: 
SiO», 62; AlzO3, 23.4; coke, 3.2 per cent. 

The pottery practice involves the well-known procedure of mixing, 
rotting, pugging and extrusion. Research is continually taking place 
not only with a view to improvement in the retort itself, but also with a 
view to making the best use of clays available within the country. The 
condensers are also made in the pottery from a mixture made up of 
50 per cent crushed retorts and 50 per cent plastic clay. 


ORE PREPARATION 


The ore treated at Avonmouth consists entirely of sulphide ores origi- 
nating in Australia, Newfoundland and elsewhere. Originally these ores 
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were roasted in hand-rabbled Delplace furnaces, and later in the Rigg 
two-stage process, whereby the material was partially roasted in mechani- 
cal hearth furnaces and finally desulphurized by sintering on a Dwight- 
Lloyd machine. The present process is one developed at Avonmouth, 
whereby the sulphide ore is directly sintered. In effect, the raw ore is 
diluted with approximately five times its weight of already sintered 
material, the optimum mixture conditions being about 5.5 per cent sulphur 
content with particle size of the order of }¢ in. This process delivers 
sulphurous gases with a 6 per cent SO, tenor, and the sintered product 
averages 0.25 per cent S. Not infrequently routine assays record only a 
trace of residual sulphur. The zinc loss of the process is from 1 to 1.5 
per cent. 

Many difficulties were encountered before this process was established, 
particularly as it was necessary to use all the sulphurous gases for acid 
manufacture. Sintering units producing over 200 tons of sintered ore 
per day now work efficiently in conjunction with contact acid plants 


developed by the company. 
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The effect of the improved physical condition of the roasted ore, i.e., 
the sintered ore, has been very influential in the distillation process. The 
furnaces now operate at a lower temperature than hitherto and yield 
greater amounts of metal, with higher efficiencies. It would be fair to 
say that the furnace temperature gradient has been lowered to an extent 
equivalent to at least 100° C. at the maximum. The cumulative effect 
of this and other improvements over the last two decades has increased 
the recovery by 10 percent. The recovery ranges from 89 to 93 per cent, 
and the output per furnace has been more than doubled. 


CHARGE AND MANEUVER OPERATION 


The charge for the furnace is made up as follows. Anthracite duff to 
the extent of 36 to 37 per cent by weight of the sintered ore is added to 
the sintered ore, together with a regulated amount of crushed condensers 
corresponding to those withdrawn from service the previous day. The 
whole is well mixed and laid on the operating floor ready for the day’s 
work. Blue powder collected in the prolongs from the distillation of the 
previous charge, together with “‘fronts,’’ to be described later, is dumped 
on the charge and mixed during the charging operation. The maneuver 
period itself takes 214 to 3 hr. The work commences each morning by 
the men cutting out, removing and replacing all defective retorts that 
were marked down for extraction on the previous day, or which have been 
found leaking badly during the night. The number of new retorts 
required were placed in an annealing stove the day before and brought to 
a temperature of 800° to 900° C. in readiness for the morning. The 
number changed varies widely according to conditions and with varying 
ores. As this is accomplished, the condensers are tapped finally for any 
remaining metal, preparatory to being cut down and removed from the 
mouth of the retort. About six inches of the old charge in the front of the 
retort, from which the zinc has been only partially eliminated, and known 
as ‘fronts,’ together with the clay adhering to the retort, are removed 
and placed back on the fresh charge. 

The task of stirring out the old, worked-off charge is now commenced, 
the residue falling through holes in the floor into bins below, from which 
it is subsequently removed either for washery treatment or to the dump. 
Of recent years, improved flotation practice at the mines tends to render 
the treatment of residues unremunerative. 

It is very necessary that the retorts shall be stirred out as completely 
as possible and all slag removed. The fresh charge is now thrown nearer 
the face of the furnace, preparatory to charging into the retorts. The 
furnace is then tested; i.e., the retorts are examined for leakages. This is 
done by lowering the main drafting damper and turning the producer 
gas full on, thus creating a pressure in the combustion chamber. Holes 
or cracks in the retorts are indicated by spurts of flame entering through 


T. B. GYLES 423 


them. Defective retorts are patched or removed next morning. The 
badly damaged ones are not charged. 

Charging of the furnace then commences, by scoop and puncher. The 
charge is flung into the retorts by the maneuvermen, and compressed 
tightly by repeated blows with the iron rammer or puncher. When the 
furnace is completely charged, the condensers are placed at the mouth 
of the full retorts and the joints are sealed with wet clay firmly pressed in 
witha hotiron. To the ends of the condensers iron prolongs are attached, 
designed to trap any uncondensed zinc, in the form of blue powder. 
The furnace is then handed over to the control staff for the distilla- 
tion period. 


DISTILLATION PERIOD AND CONDENSATION 


The furnace is brought rapidly up to the temperature at which distilla- 
tion begins; say, 1000° C. During this period the elimination of volatiles 
from the reducing material proceeds. The furnace is then set back; i.e., 
the supply of gas and air is reduced to that sufficient to maintain a steady 
distillation rate. From this point onwards the temperature is gradually 
raised to maintain this steady distillation rate, which itself must be 
compatible with efficient condensation. 

The control throughout the distillation period is a question that has 
occasioned much trial and thought. Much depends on the judgment of 
the foreman in charge of the furnace, and he takes into account the size, 
color and condition of the carbon monoxide flames, which burn at the 
mouth of the condensers. This is often deceptive. Originally at 
Avonmouth the condensers were tapped five times during the course of the 
distillation period and the amount of metal withdrawn was a valuable 
guide to the course the furnace was taking. Recently, however, a two-tap 
system has been introduced, and this guide has been less readily available. 
Experiments have been conducted in the laboratory in regard to pyro- 
metric control based on the temperatures there, and on a number of 
chosen indicative condensers. The size, shape and operating tempera- 
ture of the condensers themselves are also being studied as part of a 
large investigation into the subject of condensation as it applies to the 
metallurgy of zinc. 

The tapping operation is performed as follows. The liquid metal is 
withdrawn by small, iron rabbles into large ladles held under the con- 
densers. These ladles, having a capacity of 900 lb., are supported by a 
system of overhead runways, which have been recently installed and 
supplant the small hand ladles originally used. After the surface of the 
metal has been skimmed clean of oxide, the metal is cast into molds. 
Each plate weighs between 43 and 45 Ib. The quality of the metal from 
the two taps will be referred to later. 
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LABOR 


Much has been said for and against the piece-work system in industry, 
but in horizontal-retort operation the efficiency of the process is so inter- 
locked with the skill and efficiency of the workmen that it is impossible 
to differentiate altogether between the metallurgical control and the 
personal efficiency of the labor force. At Avonmouth this has led to a 
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Fic. 5.—Avonmoutu FURNACE DURING DISTILLATION PERIOD. 
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scheme whereby the workmen are to a large extent partners in the produc- 
tion of spelter and share in a very large measure in its fortunes. ‘Their 
wage varies with the price of the metal; it depends on the weight they 
charge into the furnace and also on the over-all zinc recovery, as a reflec- 
tion of the skill in careful charging. Bonuses are earned also on con- 
denser life and similar occurrences, to encourage careful handling of these 
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articles. This scheme is not without complications when big variations 
occur in any of the component items, but it has added importantly to the 
development of the efficiency of the work. 

The men are under constant medical surveillance, and every effort 
is made by the company to keep them fit enough for the arduous work 
they have to perform. In addition to the mechanically supported ladles, 
which render the tapping operation less arduous, screens or blinds have 
been introduced to protect the maneuver gang from the heat of the 
furnace during stirring out. Fume is withdrawn behind the screens by 
means of an exhaust system. A cold-air douche system has also been 
introduced, which delivers cool air through a series of nozzles over the 
workmen, thus improving the quality, and lowering the temperature, of 
the atmosphere in which they work. 

The statistics of the process in Table 1 are of interest in that they 
indicate the amounts handled and produced per man. 


TaBLE 1.—Horizontal Retort Practice 


Charge: Yield: 
Per furnace, tons......... 37.44 Peninrneaces tONSs)).. Nase 12.31 
IPersretone won ehaiataratet 218.4 er retort. | ba sw-o ce - 71.79 
Per cu. ft. of retort, lb.... 85.3 Per cu. ft. of retort, lb. . 28 .04 
Per maneuverman, lb..... 4,193 Per maneuverman, lb... 1,378 
Rertapperylbaaac. rrr 12,251 
Per producerman, lb.... 9,189 
Average per man, lb.... 1,092 
Coal: 
Reducing coal p.t.m., tonS.........-- 1s eee eee eee eet eee 0.74 
RRas Calta DONS eres Get ste k= shale eee he sitet la s aers wanes 1.89 
A DayHM le, polar oa a ve ee er ohn Olah citen tre ncrouraens wean 2.63 
IRecOrpmike, AVS... so. ecm «= 36-40 Condenser life, days.......... 6.5-7.0 
Recovery, percent... 2.66.2. see ewe eee eeu eee 89-93 
REFINING 


The quality of the metal distilled varies during the distillation period, 
the lead content tending to be higher in the last tap. The iron content 
also tends to be higher in the last tap, and is due mainly to contamination 
with the charge itself. The lead, cadmium, and iron content of the spelter 
vary also in accordance with the constitution of the ores distilled. The 
two sets of analyses in Table 2 give an indication of the grade of metal in 
recent first and last taps. 

In general, horizontal-retort spelter has been sold in England as 
G.O.B. (good ordinary brand) and the quality has tended to vary con- 
siderably from one consignment to another, particularly in regard to lead 
content. Over the last 10 years, however, the company has endeavored 
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TaBLE 2.—Analyses of Recent First and Last Taps 
May 31 to June 31, 1936 


Composition, Per Cent 


a Pb | Fe Cd Cu ee Gree 
Wirsts-<cintee <i sates biter ee 0.81 | 0.053 | 0.046 | 0.0040 | 0.0004 | 99.0866 
Second aap: Src ce haere 1.57 | 0.116 | 0.021 | 0.0078 | 0.0006 | 98.2846 


to establish a good, consistent brand, and this has been achieved by 
refining larger proportions of the furnace output. The first tap metal is 
sold direct from the furnaces. The whole of the later tap—about 50 per 
cent of the output—however, is refined in a special type of liquating 
furnace, which has been developed on the site. This consists of a large 
reverberatory type of liquating bath kept at a temperature of approxi- 
mately 450°C. An overflow from this bath feeds a smaller tapping bath, 
where the metal is kept at a higher temperature convenient for casting. 
An analysis of metal produced from this furnace is as follows: Pb, 1.04 per 
cent; Fe, 0.022; Cd, 0.026; Cu, 0.0054, As, 0.0004; Zn, by difference, 
98.9062. The analysis for the average salable production—i.e., this 
material averaged with the first tap metal—was: Pb, 0.89 per cent; Fe, 
0.041; Cd, 0.039; Cu, 0.007; As, 0.0005; Zn, by difference, 99.0225. 


CONCLUSION 


Although the horizontal process retains much of its original form, 
ancillary improvements have materially increased its usefulness, but its 
ultimate continuance must still be in doubt in view of the emergence of 
other less arduous processes. 


New Jersey Zinc Company Vertical Retort Process* 
By E. H. Buncs,t Mempsr A.I.M.E., anv E. C. Hanpwerxt 


Tue inherent difficulties of zinc smelting arise from the fact that 
metallic zinc is volatilized at the reducing temperature of zinc oxide and 
thus is liberated in the form of a vapor. This vapor must be subsequently 
condensed to obtain metallic zinc, first in molten and eventually in solid 
form. Zinc vapor is sensitive to oxidation not only by air but by com- 
bustion gases containing carbon dioxide. It is, therefore, necessary to 
carry out both the reduction and the condensation operations in a closed 
system consisting of an externally heated muffle with attached condenser 
from which external oxidizing agencies are excluded. However, the 
reoxidation of zinc vapor cannot be entirely prevented by excluding 
external sources of oxidation. Internal sources of oxidation are neces- 
sarily present when oxidic zinc ores are reduced by a carbonaceous 
reducing agent. The reduction reactions themselves involve, first, the 
production of carbon monoxide in an amount at least equal in volume to 
the zinc vapor produced in the reaction, and, second, the formation of 
carbon dioxide. Not all of the carbon dioxide is reduced again to carbon 
monoxide by the excess carbon in the time available, and the slightly 
oxidizing condition, which results, seriously affects the efficiency of the 
condensation of the zine vapor to the metallic state. 

In the past the difficulties arising from these causes have limited 
practical zinc smelting on an industrial scale to the use of small retorts 
equipped with small condensers. ‘The retorts had to be small, because a 
closed refractory container capable of excluding oxidizing gases from the 
heating chamber surrounding the retort could not be built in large 
dimensions. The size was also limited because ordinary refractories when 
thin enough to conduct heat readily are not capable of sustaining a heavy 
load of charge at high temperature. Moreover, a loose charge of zinc 
ore and carbonaceous reducing material such as fine anthracite coal or 
coke breeze is a poor conductor of heat, thus limiting the cross section 
of the retort. The operation of these small retorts requires arduous 
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manual labor and the furnace crews must receive specialized training if 
efficient results are to be obtained. 

The vertical retort process of the New Jersey Zinc Co. has overcome 
the difficulties mentioned and makes it practicable to smelt zinc ore in 
continuous operation in large retorts and condense the resulting zinc 
vapor in large condensers. This has made it possible to substitute 
mechanical operation for the most arduous and highly specialized manual 
operations involved in the usual method of zine smelting. 

The problem of increasing the size of the retort has been solved by 
constructing it of individual bricks and placing it in a vertical position. 
This has removed most of the weight strain from the walls of the retort 
and reduced the tendency to cracking under operating conditions. ‘These 
units have a very large capacity. The selection of refractories and the 
design of the joints have produced a satisfactory gastight retort. The 
fact that these units are continuously operated has reduced materially 
the thermal strains that the older retorts had to withstand. 

The condition of the charge has been decidedly changed. Instead of 
a loose mass of finely divided material, the vertical retort charge consists 
of denser masses (briquettes) which possess higher heat-transfer factors. 
This preparation of the charge has materially aided the thermal condi- 
tions within the retort by increasing the factors of radiation, convection 
and conduction. 

The difficulty of supplying heat to the charge is met in the first place 
by the use of refractories of high heat conductivity such as silicon carbide, 
so that heat can readily pass through the retort wall. In the second place, 
by forming the charge into agglomerates that retain their form during 
the smelting operation, voids are provided through which the heat can be 
transferred from the retort walls to the charge by radiation and convec- 
tion. This is in addition to conduction, which in the usual method 
employed in zine smelting is the most important element in transferring 
heat to the charge. Moreover, the structure of the individual agglom- 
erates facilitates the conduction of heat from the surface of the individual 
agglomerate to its core. Thus all three of the methods by which heat can 
be transferred are efficiently utilized in the process to transfer heat from 
the retort wall to the charge. 

Continuous operation has made it possible to maintain fairly uniform 
conditions of temperature at the gas and vapor exit of the retort. This 
means that large condensers can be operated successfully. Some reoxida- 
tion of zinc vapor by carbon dioxide does occur before the gases bearing 
zine vapor reach the condenser, but the resultant zinc oxide is removed 
from the gases by the hot coked charge contained in the retort extension 
between the retort and the condenser, so that this reoxidation product 
product does not interfere with efficient condensation of the zine vapor. 

A flowsheet of the process is given in Fig. 1. 
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GENERAL DESCRIPTION OF PROCESS 


The vertical furnace process may be divided into the following steps: 
1. Preparing the charge for reduction. 
a. Mixing zinc ore with reducing agents and binders. 
b. Densifying and briquetting the mix. 
c. Drying and coking the briquettes. 
2. Reduction of the charge. 
3. Condensation of the zinc vapor. 
The furnace used to coke the briquettes produced from the mixture of 
zine ore, reducing agent and binder is heated by the exhaust combustion 
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Fig. 1.—FLOWSHEET OF VERTICAL RETORT PROCESS. 


gases from the firing chamber that supplies heat to the vertical retort in 
which the coke briquettes are subsequently reduced. The exhaust gases 
from the coking furnace are sent to a waste-heat boiler in which steam is 
generated for supplying part or all of the power required in the plant. 
The exhaust gases from the waste-heat boiler are then used to dry the 
moist briquettes from the briquetting press. The thermal efficiency of 
the process may be better appreciated by tracing the flow of heat. The 
condenser gases are fired (together with other gaseous fuel) in the firing 
chamber that heats the vertical retort in which the charge is reduced. 
Thus part of their heat of combustion is directly utilized for the reduction 
of the zine ore. The sensible heat remaining in the exhaust gases dis- 
charged from the firing chamber is then utilized not only in conventional 
recuperators to preheat the combustion air for the firing chamber of the 
vertical retort, but also to coke the briquetted charge, to produce steam 
in waste-heat boilers, and finally to dry the crude briquettes. Further 
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heat economy is brought about by charging the coked briquettes from the 
coking furnaces into the vertical retort while still hot and by preheating the 
fresh batch of charge by heat interchange with the reduction gases from 
the retort, which traverse the charging extension of the retort on their 
way to the condenser. 


PREPARING CHARGE FOR REDUCTION 
Mixing 


As indicated above, one vital feature of the process consists in the use 
of a charge that can be readily heated. It is also essential that the charge 


Fia. 2.—BatrEry OF CHILEAN MILLS. 


be capable of flowing readily through a vertical retort by gravity without 
bridging or sticking. These prerequisites are secured by the production of 
coked agglomerates of zinc ore and reducing fuel that retain their form and 
shape throughout the reducing operation; that is to say, do not break 
down into fines when their zine content has been thoroughly eliminated by 
the smelting operation. The following procedure has been successfully 
adopted for the preparation of a charge satisfying these requirements: 
The oxidic zine ore to be treated is first mixed with carbonaceous 
reducing material consisting at least in part of coking coal; for example, a 
mixture of fine coking coal and anthracite in various proportions may be 
used, the amount of coking coal used being adequate to obtain a contin- 
uous structure of solid coke throughout each individual briquette during 
the subsequent coking operation. The ingredients of the charge are first 
mixed in a mixing device, for example, a rotary cement mixer. The 
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mixture is then thoroughly kneaded by treatment in edge runners or 
Chilean mills (Fig. 2) operated in series. A binder such as sulphite waste 
liquor, tar, pitch or molasses is added to the charge during its treatment in 
the edge runners. This binder is essentially a temporary binder, being 
required only to enable the briquettes to retain their shape without 
disintegration during the operations of discharging them from the 
briquetting press, transferring them to the coking furnace and coking 
them therein. A thorough mixture of the charge ingredients and den- 
sification of the mix are essential. 

An appropriate amount of water is introduced into the finished mix in 
a paddle mixer, which discharges the moistened charge material to a 
densifying press. The densifying press is a roll briquette press, which 
discharges small briquettes to the final briquetting press, likewise a roll 
press. The wet briquettes discharged from the final briquetting press are 
then dried by bringing them into contact with the exhaust gases from the 
waste-heat boilers (though sometimes this drying operation may be 
omitted). The briquettes are then ready for transfer to the cok- 
ing furnaces. 


Coking 


The coking operation is carried out in a vertical chamber of rectangu- 
lar cross section through which the briquettes continuously pass. The 
heating is effected by direct contact between the briquettes and the 
exhaust gases from the firing chamber used to heat the vertical reduction 
retorts. The long walls of the vertical coking chamber are provided with 
louvers or slots, so that the hot exhaust gases can be passed through the 
coking chamber in a horizontal direction while the briquettes to be coked 
descend by gravity. The heating gases enter the coking chamber at a 
temperature from 750° to 900° C. They leave the coking chamber at 
300° to 700° C. If the briquettes have had preliminary drying the exit 
temperature of the gases will ordinarily be substantially above the 
minimum figure named. 

In consequence of the direct contact with the heating gases, the 
briquettes are rapidly coked. The coking furnace is operated inter- 
mittently, fresh briquettes being charged into the top (Fig. 3) while 
coked briquettes are removed from the bottom by means of a roll dis- 
charge. The hot coked briquettes are discharged (Fig. 4) from the coker 
(over a grizzly that screens out any fines) into buckets; these buckets 
are raised to the charging hoppers of the vertical retorts and the bri- 
quettes are charged into the vertical retort while still red hot. The fines 
that pass through the grizzly are returned to the mixing operation for 
re-use in compounding the charge. 

The production of good coked briquettes requires not only a thorough 
mixing and densifying of the charge before briquetting but also an appro- 
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priate selection of coking coal and careful control of the degree of pre- 
liminary crushing of the coals and ores prior to the mixing. 


mi 
Hmm. 2 


vy 


Fic. 3.—BRIQUETTE PRESS ON PLATFORM AT LEFT, AND ACCUMULATOR CAR FEEDING 
BRIQUETTES TO COKING FURNACE. 


“ty. 


Fig. 4.—GENERAL VIEW OF DISCHARGE AT COKING FURNACES SHOWING LARRY FOR 
COKED BRIQUETTES. 


The exhaust gases from the coking furnace are sent through a flue 
to the waste-heat boilers. Air is admitted just ahead of the waste-heat 
boilers in order to insure the combustion of the combustible constituents 


(mostly hydrocarbons expelled from the briquettes during the cok- 
ing operation). 
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REDUCTION 


The following details are added to supplement the general description 
of the reduction retorts given in the introduction. The retort is vertical 
and of rectangular cross section (Fig. 5). Its heated height is ordinarily 
25 ft. The internal width of the retort is 1 ft. The length of the cross 
section (measured internally) varies; the usual length is now 6 ft., but the 


Se : 9 


‘Fig. 5.—PARTLY COMPLETED VERTICAL RETORT IN FURNACE SETTING. 


original retorts were 5 ft. long and retorts 7 ft. long are in success- 
ful operation. The long walls of the retort fit into slots in the end walls, 
these slots being provided with glands filled with granular silicon carbide 
and graphite. These slots thus form a slip joint that is impermeable to 
zine vapor, which permits the walls to expand and contract independently, 
a factor that greatly decreases the mechanical strain on the retort. The 
retort is extended at both the top and the bottom (Fig. 6). The upper 
extension is constructed of refractories, and is kept filled with fresh charge 
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about to undergo reduction. The lower extension of the retort leads 
down into a water seal. This extension as well as the water seal are 
ordinarily constructed of sheet iron. 

The retorts are operated continuously, but the charge is introduced in 
batches (Fig. 7) at intervals long enough to permit the formation, by 


Fig. 7.—CHARGE FLOOR SHOWING ELECTRIC-HOIST CHARGE LARRY IN OPERATION. 


reason of the continuous discharge at the bottom, of adequate space in the 
top extension to accommodate the fresh batch of charge. 

Heat is introduced into the retort by a combustion chamber opposite 
each long wall. The distribution of gas and air in the firing chambers is so 
arranged as to secure uniform heating over the entire wall. As mentioned 
in the introduction, the transfer of heat from the hot retort wall to the 
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charge is greatly facilitated by the agglomerated nature of the charge. 
Radiation, convection and conduction are all utilized efficiently in supply- 
ing heat. Since the reduction of zinc oxide by carbonaceous reducing 
agents is an endothermic reaction, the rate of reduction and thus the 
producing capacity of the retort is governed by the amount of heat that 
can be introduced into the charge. Aside from the factors already men- 
tioned, the good heat conductivity of silicon carbide greatly facilitates 
the supply of heat to the charge. 

Displacement gas consisting of air or exhaust combustion gases is 
introduced under appropriate pressure at the base of the charge. This 
displacement gas maintains an upward flow of gases and vapors through 


Fig. 8.—GENERAL VIEW OF RESIDUE DISCHARGES. 


the retort. This upward flow carries the zinc vapors evolved from the 
charge during the reduction towards the condenser and thereby prevents 
the condensation of zinc vapor upon the cooling residue in the lower 
extension of the retort. Such condensation of zinc vapor would result in 
the loss of zinc in the form of shot metal in the residue. Any oxidizing 
constituents such as oxygen or carbon dioxide that may be present in the 
displacement gases are transformed to carbon monoxide by reaction with 
carbon in the charge during the passage of the gases through the retort, so 
that no oxidation of zinc is brought about by the displacement gas. An 
alternative method of operating the retort is to use an open bottom and 
regulate the flow of gases to the condenser by stack-draft control. 

The spent briquettes are continuously discharged from the retort by an 
automatic roll-discharge mechanism into a water seal. The briquettes 
do not disintegrate during the reduction operation, but are discharged 
from the retort in substantially their original shape and size. The lower 
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metal extension of the retort cools the residue briquettes sufficiently to 
allow them to be received in the water seal without the evolution of 
enough steam to interfere with the operation of the retort. The quenched 
briquettes are finally removed from the water seal by a simple screw 
conveyor (Fig. 8). The metals contained in these briquettes, such as 
lead, copper and precious metals that may have been present in the zinc 
ore, as well as their excess carbon, may be recovered and utilized by a 
number of known and conventional metallurgical operations. 

The three chief variables that control the output of the retort are the 
size of the retort, the temperature at which it is fired and the condition 


Fig. 9.—INSTRUMENTS RECORDING FURNACE-CHAMBER TEMPERATURES. 


of the charge. Experience has shown that an average output of 30 lb. of 
metallic zinc per day of 24 hr. with 96 per cent elimination and 92 per cent 
recovery can be obtained for each square foot of heated long wall surface 
by firing at 1300° C., provided the coked briquettes used are of good 
quality and yield a good firm undisintegrated residue. Instruments for 
recording temperatures of furnace chambers are shown in Fig. 9. 


CONDENSATION 


The condensation of metallic zinc from the zinc vapor is greatly facili- 
tated in the vertical retort process by the fact that a continuous supply of 
large volumes of gases carrying zinc vapor, gases of constant composition 
and at constant temperature, are produced. This renders it possible to 
operate large condensers under substantially uniform conditions; as a 
consequence those conditions of condenser temperature and pressure that 
have been found favorable can be continuously maintained. 

However, certain inherent difficulties in the condensation of zinc 
vapor have had to be overcome in the vertical retort process. A more 
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detailed consideration of these difficulties requires a brief statement of the 
chemical reactions occurring in the reduction of oxidic zinc ores by carbon- 
aceous reducing agents. The reduction reaction is probably initiated by 
the reaction of solid carbon with zine oxide: 


mmO + C = Zn + CO [1] 


The carbon monoxide thus formed (and, in the vertical retort process, the 
carbon monoxide formed by the 
reaction of the oxidizing constitu- 
ents of the displacement gas with 
the carbon in the charge) then 
reduces further zinc oxide in accord- 
ance with the following reaction: 


ZO + CO = %'+C0. [2] 


The carbon dioxide thus formed 
tends at temperatures above 900° 
C. such as prevail in the zinc- 
producing retort to react with 
carbon to form carbon monoxide: 


C + COz = 2CO [3] 


so that zine vapor is not reoxidized 
at such temperatures. This is 
the familiar gas-producer reaction. 
However, this reaction tends to be 
too slow to remove all the CO2 from 
the gases before they have left the 
heated zone of the reduction retort. 
In the vertical retort process, the 
reduction of carbon dioxide is substantially completed in the upper exten- 
sion of the retort, by the reaction of residual carbon dioxide in the gases 
with the hot coked briquettes or with the zinc vapor. These briquettes 
likewise filter zinc oxide and entrained particles of charge from the gases. 
Another possible source of CO: is the reversal of the gas-producer reaction: 


160 Oe [4] 


To whatever extent this reaction takes place it increases the amount of 
chemical blue powder formed. The blue powder so formed on the 
descending charge is automatically returned to the reduction zone of 
the retort. 
The condenser (Fig. 10) consists of two parts, which are operated 
under different thermal conditions. The first part of the condenser is an 
inclined conduit directly connected to the zinc-vapor orifice of the retort. 


Fig. 10.—CoNDENSER. 


438 VERTICAL RETORT PROCESS 


This conduit is so designed that the gases therein are rapidly cooled. The 
second portion of the condenser consists of a sump in which the molten 
metal is collected and in which the cooling and condensation of the zine 
vapor are completed at a relatively slow rate in order to avoid the forma- 
tion of substantial amounts of physical blue powder by excessively rapid 
chilling of the zinc vapor at this stage. The formation of physical blue 
powder in consequence of the entrainment of zinc oxide and ore dust from 
the retort charge is likewise greatly decreased by the filtering action of the 
charge in the upper extension of the retort. 

Both the descending conduit of the condenser and the condenser sump 
are equipped with baffles set sideways to bring about a zigzag and tur- 


Fie. 11.—R®AR VIEW OF CHARGE HOPPERS (ON LEFT) AND CONDENSER OUTLETS, 
SHOWING SCRUBBERS. 


bulent flow of the vapors through the condenser. The baffles used are 
of silicon carbide and are so set in the condenser that they can be utilized 
if desired as radiating fins to intensify and regulate the cooling of the 
condenser where necessary. Thus the baffles may be pulled out somewhat 
so as to project further, in order to intensify the loss of heat from the 
condenser by radiation. Further thermal control in the direction of 
decreasing the radiation of heat from the condensers may be secured by 
insulating either the descending conduit or the condenser sump when this 
is desirable. 

The exhaust gases from the condenser are discharged through a stack 
into a scrubber (Fig. 11) operated with a water jet and Venturi tube 
eductor in such a fashion as to withdraw the exhaust gases from the con- 
denser by suction, The pressure prevailing in the condenser can be 
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regulated thereby. Thescrubber removes the last remnants of zinc vapor 
from the condenser exhaust gases. This residual zinc is collected from the 
scrubbing water in the form of zinc dust, by sedimentation. The cleaned 
condenser exhaust gases, consisting 
to a great extent of carbon monox- 
ide, are then sent to the combustion 
chamber that fires the retort. 
Under ordinary operating condi- 
tions these condenser exhaust gases 
supply 20 per cent of the heat needed 
to fire the retort, so that substantial 
economies with regard to heating 
fuel are brought about thereby. 
The condenser exhaust gases are 
richer in fuel value than ordinary 
producer gas so that no difficulties 
are encountered in burning them to 
advantage. 

The molten metalis tapped from 
the condenser sump into ladles 
(Fig. 12) at appropriate intervals 
and cast into slabs. The zinc dust 
from the condenser, together with 
the zinc dust recovered in the 
scrubber, may be either directly 
recharged into the retort or mar- 
keted. The circulating load of zinc thus established in the vertical retort 
is about 8 per cent of the zine charged. 


Fig. 12.—TappiInG CONDENSER. 


GENERAL ADVANTAGES OF THE PROCESS 


The New Jersey Zinc Co. vertical retort process has achieved a 
thoroughgoing mechanization of the pyrometallurgical reduction of zinc. 
Thus manual labor has been substantially eliminated from the hitherto 
arduous operations of charging and discharging the retorts. Moreover, 
the time-consuming operation of collecting small batches of molten zinc in 
great numbers in small condensers has been replaced by the simple step 
of tapping zinc in large amounts (about 114 tons) from a large sump into 
ladles. This achievement has improved working conditions and increased 
the output to one ton of metal per man-day. 

The zine recovery is high in the vertical retort process, since the losses 
are chiefly confined to those incurred in handling the ore (dusting, spillage 
and the like) and to the small percentage of zinc remaining in the residue. 
The elimination of zinc is excellent. The recirculating zinc load (consist- 
ing of recharged zinc dust from the condenser and scrubbers) is small. 
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The thermal efficiency of the process is high on account of its con- 
tinuous character, the use of large retorts with resulting decrease in heat 
loss, the efficiency of transfer of heat to the charge, the recovery of the high 
latent heat values in the gas discharged from the condensers and the 
utilization of the products of combustion from the firing chamber heating 
the vertical retorts not only to preheat the combustion air but also to dry, 
coke and preheat the charge itself and to produce power by the use of 
waste-heat boilers, thus recovering a large portion of heat in the exhaust 
stack gases. 

Long retort life is secured by the rugged construction and uniform 
operating conditions prevailing in the vertical retort plant. A normal 
retort life is from three to five years or more. 


Fia. 13.—GENERAL VIEW OF VERTICAL RETORT PLANT AT PALMERTON, Pa. 
Left to right: gas house, furnace building and mix house. 


CoMMERCIAL APPLICATION 


The first commercial vertical retort plant was constructed by The 
New Jersey Zinc Co. (of Pa.), at Palmerton, Pa. (Fig. 13), and placed in 
operation in May, 1929. This plant has been in successful operation 
since that time. Originally the plant contained 16 retorts, and 12 more 
retorts were placed in operation in 1936, bringing the total vertical retort 
capacity at Palmerton to 28 retorts. A vertical retort plant comprising 
8 retorts was placed in operation by The Mineral Point Zinc Co. (a sub- 
sidiary of The New Jersey Zinc Co.) at Depue, Ill., in July, 1929. The 
Grasselli Chemical Co. built a 16-retort plant at its Meadowbrook plant 
at Spelter, West Va., in 1930, and this plant has been in successful oper- 
ation since August of that year. The National Smelting Co., Ltd., 
through its subsidiary, Improved Metallurgy, Ltd., completed a plant 
at Avonmouth, England, comprising 16 vertical retorts, and placed it in 
operation in August, 1934. The Unterharzer Berg- und Hiittenwerke, 
G.m.b.H., is now constructing a plant comprising 8 retorts, at Oker, in the 
Harz Mountains, Germany. It is expected that this plant will be placed 
in operation in December, 1936, and plans are now being prepared for 
its extension. 


Manufacture of Silicon Carbide Retorts 


By E. J. Bruperuin,* Memper A.I.M.E. 


A METALLURGICAL process to be economically successful must be 
carried on under proper conditions of control and equipment. The 
question of equipment is always of primary importance. In the dis- 
tillation process for the recovery of zinc by retorting, the retort is the 
all-important piece of equipment. Each retort in a working block must 
function as a separate unit. Over-all block efficiency is the result of the 
ability of the individual retort to withstand the severe conditions of 
operation for a maximum period of time. Therefore retort manufacture 
has been an ever present problem with the operator of a zinc-retort- 
ing plant. 

During recent years the zinc-plant operator has been faced with rapid 
changes in the character of the ores and concentrates. Operating costs 
have increased as a result of the introduction of the flotation process and 
the amount of flotation concentrates to be handled. To counteract 
increasing costs, the operator has found it necessary continually to 
attempt heavier loading of retorts, until a 45 to 50-Ib. charge per cubic 
foot of retort space has become common practice. Heavy loading has 
brought about severe firing conditions, which, in turn, have emphasized 
the necessity for further improving the quality of the retort. Increasing 
percentages of detrimental impurities in the retort charges have also 
added to the operator’s difficulties. 


AMARILLO SILICON CARBIDE RETORTS 


At the Amarillo plant of the American Smelting and Refining Co. a 
retort made of a suitable plastic clay grogged with silicon carbide has 
been found to best meet the present-day requirements. Retorts of this 
kind have been in use at Amarillo for 8 years and have shown an average 
furnace life of approximately 175 calendar days. 

The Amarillo retort is cylindrical in shape and after burning is 
approximately 834 in. inside diameter by 60 in. over-all length. The 
wall thickness is 11 in., except for the butt of the retort, which is approxi- 
mately 214 in. thick. The retort mud has a shrinkage of 3 per cent, or 
approximately 3g in. per foot. The silicon carbide retort after being 
properly dried weighs about 211 lb. When the retort is fired and ready 
to go into use the weight decreases to approximately 203 Ib. 

Manuscript received at the office of the Institute June 1, 1936. 


* American Smelting & Refining Co., Amarillo, Texas. 
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Clay Used.—Suitable plastic clay for the Amarillo silicon carbide 
retorts has been obtained from several sources. At first, a St. Louis 
plastic clay mined at the now abandoned Williams mine, in the Chelten- 
ham district, was used. This clay was particularly suited for retort 
work because little weathering of the raw clay was necessary. The 
nature of a zinc-retorting operation, especially one in the natural-gas 
field, makes impossible the use of a clay that requires long periods of 
weathering. All operators will agree that a zinc-retorting operation 
should not be limited or delayed by processes that require long periods 
of time, such as the weathering process required for making clays work- 
able. Plastic clay obtainable from the Stone City district of Colorado 
is now being used successfully at Amarillo. 

Typical analyses of the raw plastic clays are givenin Table 1. Seger 
cone tests on both types of clay show a softening point at cone 31. 


TaBLe 1.—Typical Analyses of Clays Used for Amarillo Retorts 


Cheltenham (Williams Colorado (Stone City), 
Mine), Per Cent Per Cent 


LOSS/OM ME DILION mania ere eet eens 9.7 12.0 
SiliGan Mer cc etecpecunet oe citeenners feasncnene OF 62.8 58.4 
Alumina eve. .oceccate eel ieee tee etreete 21.8 24.2 
Ferrie Oxide} i0)hete peel ok tren etee 2.2 2.6 
Titanisisiz .aeieniemclestem,. le. tat die thls 1.4 0.8 
Lam 6a. iss, oeckicet ios GS ck gence rtens 0.35 0.55 
MagnesiAns. ciate ote biut seet ere ate 0.29 0.65 
BLK GUIS cS, act linia oor shes: 2 Uche Pee nae 0.31 0.36 
Sulphur tes... eee ee eee tere 0.48 0.18 


The moderately weathered clay is prepared for mixing by first crush- 
ing in a jaw crusher and standard rolls to the point where all will pass 
through a screen of 7 X 7 mesh and 0.072-in. diameter wire. 

Mixing Clay and Carbide.—The mixing of the plastic clay and the 
silicon carbide in the proportions of 65 parts of silicon carbide and 35 parts 
of plastic clay by weight is carried on in a Clearfield Machine Co. 6-ft. 
wet pan. The crushed clay is carefully weighed and placed in the pan, 
where it is ground for several minutes. The silicon carbide is then added 
and the mixing continued for 12 min. Water is added from time to time 
during the operation. As little grinding as possible is permitted at 
this point, so as to avoid the breaking down of the silicon carbide grain. 
A typical batch mix consists of 126 lb. of clay, 234 lb. of silicon carbide 
and about 35 lb. of water. 

The silicon carbide used at Amarillo at present is produced by the 
Carborundum Company of Niagara Falls, N.Y. It is described as 
first-grade, crystalline, refractory silicon carbide and designated as 
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No. 1 pan milled ‘‘type C crushing” silicon carbide, with an approximate 
screen analysis of grain as follows: 14 to 36 mesh, 55 + 5 per cent; 40 to 
70 mesh, 25 + 5 per cent; 80 and finer, 20 per cent + 5 percent. This 
analysis is determined by a 5-min. test of a 100-gram sample on a Ro-tap 
with A.S.T.M. screens. 

The impurities in the silicon carbide are principally free carbon, free 
silica, iron, lime and alumina. The total combined silicon and carbon 
should exceed 96.5 per cent. A typical analysis is as follows: combined 
carbon, 28.4 per cent; combined silicon, 67.1; Fe, 0.8; MgO, 0.0; 
CaO, 0.37; Al, 1.2; free carbon, 0.2; free silica, 1.9. Recent experiments 
have indicated that a smaller proportion of bonding clay may 
prove advantageous. 

Preparing Mud.—The retort mud, after being mixed and prepared in 
the wet pan, is handled by means of wheelbarrows from the wet pan to a 
Stearns-Rogers pugmill. It is allowed to accumulate on the floor near 
the pugmill until sufficient mud is present to permit proper operation of 
the mill. The first step consists of pugging the mud into cylindrical 
shaped balls 1314 in. in diameter by 9 in. long, which are delivered to the 
rotting rooms and there placed in regular piles and covered with wet 
burlap. During the rotting period, which continues for at least 10 days, 
the retort mud is repugged at least twice, to produce the finished 
retort mud. 

Just before the delivery to the retort press, the finished retort mud is 
again repugged and cut into balls 1314 in. in diameter by 181% in. long, 
weighing approximately 245 lb. each. The balls are carefully transferred 
to the retort press, placed in position in the press, which has been cleaned 
of all mud from the previous pressing operation, and then extruded at a 
pressure of approximately 3500 Ib. as indicated by the pressure gauge at 
the hydraulic pump. The correct length is maintained by cutting each 
retort to a template. 

Forming Retorts.—The Amarillo retort press is of the Mahler type, as 
formerly manufactured by the United Iron Works. Some modifications 
were necessary to adapt the press to the handling of the stiff silicon carbide 
mud. The abrasive effect of the silicon carbide is extreme and repairs and 
replacements are necessarily numerous. Cast-iron matrix bushings and 
cast-iron heads have been replaced by cast-steel parts. Provisions have 
also been made to expel as much of the trapped air as possible. The 
silicon carbide mud, being much stiffer and denser than standard clay 
muds, requires high pressures in forming retorts. 

Silicon carbide retorts are difficult to produce without some wall 
lamination, but this defect has been greatly reduced at Amarillo by 
eareful control of the moisture content of the retort mud and the elimi- 
nation of trapped air in the pressing and forming operations. 

Drying Retorts—After being delivered from the Mahler press, the 
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retorts are handled by means of a rubber-tired carrier and placed in the 
drying rooms, where they are carefully dried for at least 30 days. On 
account of local weather conditions at Amarillo, much of the drying is 
done by natural means. Only during a short period of the year is it 
necessary to provide steam heat in the drying rooms. Since very slow 
drying is essential, a burlap covering is placed over the retorts and a 
layer of paper is placed on the floor of the drying room. The burlap 
covering is moistened frequently by means of a sprinkler, so as to delay 
the drying of the open end of the retort. During periods of cold weather, 
when drying rooms are heated with steam, great care must be exercised 
to maintain uniformly slow drying. 

Firing —The thoroughly dried retorts are transferred from the 
pottery to the furnaces. There they are placed in the preheating kilns 
and fired for 48 hr. Since a silicon carbide retort is very sensitive to 
heat shock, it has been found advisable to increase the temperature 
gradient during the firing at a rate not to exceed 30° C. per hour, until a 
maximum temperature of 900° C. has been reached. A recording pyrom- 
eter is used, so that the operator may control the firing within close 
limits. No special effort is made to maintain either reducing or oxidizing 
conditions within the kiln during the firing but it has been recognized 
that a strong oxidizing flame has a tendency to blister and damage the 
retort. The delivery of the silicon carbide retorts from the kiln to the 
retort block should be made as rapidly as possible, so as to avoid unneces- 
sary cooling shocks. 

Retorts in Use-—The manipulation of the furnace temperatures after 
the retort is placed in position in the retort block is not included in this 
paper. However, all will agree that proper care and experience are 
necessary to obtain best results. 


New Jersey Zinc Company 
Process for the Refining of Zinc by Redistillation* 


By W. M. Perrcet anp R. K. Warine,t Mempers A.I.M.E. 


Zinc of high purity offers definite advantages in certain fields. A 
process by which zinc of 99.99+ per cent purity is produced by pyro- 
metallurgical methods is described in this paper. The process consists 
of a fractional distillation following the primary reduction; this fractional 
distillation employs the principles of rectification for the separation of 
lead and other high-boiling impurities and cadmium and other low- 
boiling impurities. 


THEORETICAL CONSIDERATIONS INVOLVED IN PRODUCTION OF 
Higu-purity Zinc BY DISTILLATION 


Fractional distillation, fractional condensation, and rectification 
are recognized methods of separating mixtures of liquids. In the field 
of organic liquids these methods are widely used but not commonly to 
effect as complete a separation of liquids as is done in the problem under 
consideration. Zinc boils at 905° C., cadmium at 778° C. and lead at 
about 1620° C. Zinc may contain from several hundredths of one per 
cent to over one per cent each of cadmium and lead, and the problem is 
to reduce these impurities to a few thousandths of one per cent. For 
lead and zinc, the spread in boiling points is substantial, 715° C., while 
for zinc and cadmium it is only 127° C. 

The basic limitation of any separation by distillation may be found 
from the relation between the equilibrium composition of the vapor and 
the liquid for all mixtures of the two substances involved. If a mixture 
of constant boiling point is found, or if a stable compound that vaporizes 
without dissociation occurs, there is a definite theoretical limit to the 
degree of separation that is possible when operating at atmospheric 
pressure with respect to that mixture. Otherwise, any degree of separa- 
tion is theoretically possible. 

The equilibrium composition of vapor in contact with liquid mixtures 
of zinc and cadmium at the boiling point has been determined experi- 


Manuscript received at the office of the Institute Oct. 23, 1936. 
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mentally over the entire range of mixtures from pure zinc to pure cad- 
mium. These data proved that it was possible to obtain any desired 
degree of separation of zinc and cadmium by distillation. Similar data 
were obtained for zinc-lead mixtures containing up to an amount of lead 
above which it is more advantageous to separate lead by liquation. 
The data showed that zine of any desired degree of freedom from lead 
could be obtained. 

One step of simple fractional distillation or condensation applied to a 
given initial mixture can result in only a definitely limited degree of 
separation. If the mixture is passed through a series of such steps, a 
substantial degree of purification of the base constituent can be attained, 
but only at the expense of a considerable loss of the base constituent by 
inclusion in the separated fractions. Such a method has been used for a 
long time to produce an improved grade of zinc, but it would not be an 
economical one for the production of 99.99+ per cent zinc, as too many 
stages would be required. 

For the purification of zinc, rectification, which is a means of integrat- 
ing in one operation multiple stages of fractional distillation and fractional 
condensation, may be effectively employed. The liquid metal and 
metallic vapor travel countercurrently through a column, the heat for 
boiling being supplied at the lower end of the column, and the heat of 
condensation removed at the upper end. 

The rectification column may be composed of a stack of trays, the 
liquid metal cascading down through the series of trays and the metallic 
vapor passing up in intimate contact with the descending liquid metal. 
Calculations of the possible performance of rectification columns are 
conveniently carried out in terms of theoretical trays—a theoretical 
tray being one in which the liquid and vapor reach equilibrium. 

It is possible, if the complete relation between the equilibrium 
composition of vapor and liquid for the mixture being dealt with is known, 
to calculate the relationships between the several variables involved in 
the design and operation of a rectification column; namely, the number 
of trays, amount of liquid boiled at the bottom and condensed at the top 
(the reflux), the composition of the feed, the point of entrance of the feed 
to the column, and the purity of. both the high-boiling fraction removed 
at the bottom and the low-boiling fraction removed at the top. The 
operation may be calculated for either liquid or vapor feed. Such 
calculations must be supplemented and have been supplemented by 
practical experiments to determine the size of column of a given design 
that is equivalent to a given number of theoretical trays. Once deter- 
mined, this has made possible reasonably accurate prediction of the 
behavior of other columns of similar design but which vary in size or to 
which the feed is of different composition or from which different products 
are required. There can be calculated also the relative economy attain- 
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able by the use of columns of varying lengths and by variation of the 
supply of heat to the rectification column. 


PRACTICAL APPLICATION 


A boiler that will efficiently vaporize zinc at a rapid rate is essential 
to supply vapor to a column for rectifying zinc. The boiler must be 
constructed of a refractory material having good heat conductivity, such 
as silicon carbide. The ordinary boiler problem of presenting maximum 
surface to hot gases on one side and liquid on the other is here complicated 
by the necessity of using a refractory instead of metal and the consequent 
necessity of constructing the boiler of a number of relatively small parts 
of simple form. These considerations necessitate working with com- 
paratively low hydrostatic heads of liquid metal; that is to say, with 
shallow baths of liquid. 

Practically, the problem has been solved by constructing the boiler 
of a series of superposed rectangular trays of as large horizontal cross 
section as the art of refractory manufacture permits, but with a depth of 
only a few inches. The depth of metal in each tray is regulated by an 
overflow through an opening in its bottom to the tray below. The 
openings are staggered so that the overflow from each tray will be caught 
on the one beneath. There must be an adequate space between the 
surface of the bath of liquid metal and the bottom of the tray above for 
the passage of vapor upward through the column without the creation 
of undue pressure. In order to obtain contact of the maximum possible 
proportion of the heated walls with liquid zine, and at the same time 
provide adequate space for vapor passage, the central part of the tray 
bottom is raised. The liquid metal is thus contained in a trough extend- 
ing around the periphery of the tray. This design facilitates heat trans- 
fer and increases the boiling capacity of the tray. The trays are 
preferably monolithic, and as the only joints in such type of construction 
are the horizontal ones between trays, located above the level of the bath 
in each tray, no joint is exposed to a hydrostatic head of liquid metal. 

In the rectifying column proper, intimate contact between the liquid 
metal and the metallic vapors is brought about. The column is very 
similar in design to the boiler; that is, a column composed of a series of 
superposed trays with staggered openings which permit the liquid metal 
to cascade downwards in a tortuous path in intimate contact with 
metallic vapors ascending countercurrently. The depth of liquid 
metal in each tray is kept to a minimum since a maximum exposed 
surface and a minimum volume facilitate the attainment of equilibrium. 
Furthermore, the resulting reduction in area of the surface of contact 
of the metal with the outside wall helps to minimize heat losses in the 
rectifying column. The rectifying column is usually of the same hori- 
zontal cross section as the boiler and superimposed upon it. 
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If the zine to be purified contains relatively high percentages of 
impurities, a large amount of refluxing may be required for their removal ; 
in such case, a separate condenser at the top of the rectifying column 
may be required. Otherwise, sufficient refluxing may be obtained by the 
condensation that occurs in the rectifying trays themselves due to 
ordinary heat losses. Also, variation in the content of impurities can 
be met by appropriate changes in the number of trays. 

The conventional packed type and bubble-tray type of fractionating 
columns used for rectifying organic liquids are poorly adapted to the 
rectification of zinc. The density of liquid zinc is a disadvantage in 
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Fig. 1.—FLOWSHEET OF ZINC DISTILLATION. 


the bubble-tray type on account of the great resistance to the flow of | 
vapor through the column. The distribution of liquid zine in packed 
columns is uneven, owing to the difficulty of wetting most refractory 
packing materials with zinc, and the tendency of the zinc to condense 
on the walls of the column on account of the high temperature prevailing 
in its center. Uneven distribution of zinc over the cross section of the 
column results in failure to attain sufficiently intimate contact between 
the liquid metal and the metallic vapor for efficient rectification. 

The dimensions of the boiler and condenser sections of the column 
are mutually adjusted so that the necessary amount of liquid metal is 
vaporized at the bottom and the proper proportion of the vapor condensed 
and refluxed at the top. 

The vapor withdrawn at the top of the column, that is, the part of 
the vapor not condensed and refluxed in the column, is collected in a 
condenser made of refractory material. 
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Molten-metal seals at all points where metal is introduced or with- 
drawn from the system are requisite to prevent escape of zinc vapor or 
ingress of air. 

Heat is supplied to the units by setting them in suitable combustion 
chambers which may conveniently be gas-fired. 

Fig. 1 shows a diagrammatic flowsheet and Fig. 2 a schematic flow- 
sheet, for a typical complete installation. Crude metal is charged to a 
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melting pot that has a melting capacity adequate to supply a constant 
feed to the system. When erected adjacent to reduction retorts, the 
molten metal from these retorts is taken directly to the melting pot 
without casting and it becomes a holding pot. 

Automatic means for feeding crude metal at a uniform rate from the 
melting pot to the boiler is provided. The metal enters the boiler or 
‘Jead column” through a molten-metal seal, which prevents the escape 
of vapor. The vapor from the boiler ascends through a superimposed 
rectifying column for the elimination of lead and other high-boiling 
metals. ‘The vapor, freed of these metals, passes to the condenser. 
The feed to the boiler is greater than the vapor output and the refluxed 
excess passes out through a molten-metal seal at the bottom of the boiler 
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to a runoff pot. This may also serve as a liquating pot in which enough 
of the lead and iron, which usually constitute the bulk of the high- 
boiling impurities, may be separated to permit recirculation of the remain- 
ing zinc. This zine is returned directly to the melting pot. This 
method of operation gives a maximum yield of the zinc in the feed metal 
as 99.99-+ per cent pure zinc. Under certain market conditions, the 
runoff metal is sold to advantage as produced. 

Molten metal from the condenser overflows through a liquid seal 
into the rectifying column for the removal of cadmium and other low- 
boiling impurities. The feed enters this column at a level appropriately 
chosen according to the composition of the feed metal, the product 
required and other factors. 


Fig. 3.—REcTIFYING COLUMNS AND CONDENSERS. 


In this column, the condensing capacity at the top is adjusted to the 
boiling capacity in the bottom section, so that only a small proportion 
of the feed carrying the low-boiling impurities escapes at the top as 
vapor to be collected in a canister as dust or in a condenser as molten 
metal. The bulk of the feed, freed from low-boiling impurities and 
refluxed to the base of the column, escapes through a liquid metal seal 
to a refined-metal holding pot from which it is cast into slabs. 

The photographs of a commercial plant show (Fig. 3) a 15-ton-per-day 
lead column in the right background, with its condenser on the extreme 
right and its sump in the foreground feeding a cadmium column on the 
left. The liquating pots for such units are shown in Fig. 4 and the 
refined-metal holding pots and the casting floor in Fig. 5. 

Such a unit is adapted to continuous operation in such fashion as to 
reduce labor requirements to 4 minimum, the metal values can all be 
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readily recovered, and losses are small since practically the entire opera- 
tion is in a closed system. 

Prime Western zinc in this country or G.O.B. metal in Europe 
constitutes the usual feed material, although any form of zinc metal 


Fig. 4.—LIQuATING POTS. 


that can be reduced to a liquid state can be treated successfully by the 
process, with a resultant product running as much above 99.99 per cent 
pure zine as the requirements of the use may necessitate. 

Temperature and oxidizing conditions present in the operation of 
the method are susceptible of close control, so that the formation of 


Fic. 5.—CAsTING FLOOR, WITH POTS FOR REFINED METAL. 


skimmings is held to a minimum. The direct production of high- 
purity zinc, when the runoff metal is recirculated, amounts to about 96 
per cent of the zinc in the feed metal, and of the remaining 4 per cent, all 
except from 0.5 to 0.75 per cent is accounted for in the skimmings, 
dross and other by-products. The recovery of the zinc in the feed metal, 
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therefore, is in excess of 99 per cent. The cadmium comes off in the 
form of a cadmium-zine metal or a cadmium dust, which is readily 
converted into metallic cadmium by any one of several known methods. 
Lead, copper, and any other metals present in the feed are recovered, 
and even the rarer metals, such as gallium and indium, if present, may 
be recovered. 

Commercial installations are in operation in the United States, 
also in several other countries. 


World Survey of Electrolytic Zinc 


By Artuur ZENTNER,* Memper A.I.M.E. 


Tue electrolytic zinc plant of today is foreshadowed in the patents 
issued to Léon Létrange of Paris in 1881 and 1883'. He proposed roasting 
zine blende to make the zine soluble in water or sulphuric acid, thus 
obtaining a sulphate solution. His purification was apparently that used 
in the lithopone work of the day. For electrolyzing he proposed anodes 
of carbon or lead, for cathodes zinc, copper or brass. Numerous patents 
by other workers were taken out in the first 10 years, most of which dealt 
with sulphate solutions. It is easy to presume that the formation of 
chlorine gas in zine chloride electrolysis caused early emphasis on sulphate 
work. Lack of success with this invited further work with chloride 
solutions. Efficient and cheaper oxidizing agents for use in the chloride 
processes were more generally available. Carbon anodes could be used 
instead of lead anodes, which were blamed for much of the early elec- 
trolyzing troubles and remained in disfavor for many years. 

Carl Hoepfner received his first zinc patents in 1890’. He was the 
most persistent of those who worked with chloride solutions and met with 
the largest measure of success. He built three plants, only one of which 
remained in operation. This was built in 1896 at the plant of Brunner, 
Mond & Co., Winnington, England, now part of Imperial Chemical 
Industries Ltd. It leached with by-product calcium chloride from the 
company’s Solvay alkali plant and returned to it the chlorine formed in 
electrolyzing. The zinc plant had a capacity of 5 long tons of zinc, said 
to have been doubled later, and remained in operation until 1924. No 

commercial plant using chloride solutions has operated since then. 
E. A. Ashcroft experimented in the middle nineties with chloride, 
alkaline and sulphate solutions on materials from Broken Hill, Australia. 
- He built a plant with a rated capacity of 10 long tons of zinc per day, at 
Cockle Creek, New South Wales, in 1898. This figure was never 
approached nor was cyclical operation achieved. The work in the plant 
appears to have been largely with sulphate solutions. The plant suffered 
from a multitude of troubles: poor roasting, gelatinous silica, liberal use of 
live steam in solutions to combat the gelatinous silica with considerable 


Manuscript received at the office of the Institute Nov. 2, 1936. 
* Consulting Engineer, New York, N. Y. and San Francisco, Calif. 
1 German Patent D.R. 21775 (July 8, 1881), British Patent 3211 (July 22, 1881), 
U. 8. Patent 286208 (Oct. 9, 1883). 
2 German Patent D.R. 65478 and 68748. 
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oil getting into the circuit with the steam, inability to keep the wash 
water within bounds, poor purification practice, the use of antimonial 
lead for anodes, were some of them. 

S. O. Cowper-Coles became interested in treating the Broken Hill 
complex ores and middlings. He built an electrolytic zine pilot plant in 
England in 1895, and apparently worked on the problem until 1899, using 
sulphate solutions. Aluminum cathodes were used for the first time in 
this plant, a notable contribution. 

The proposal to electrolyze fused zinc chloride dates back to Nahnsen’s 
early work and was pursued by workers in several countries before the 
turn of the century. After his Cockle Creek work, Ashcroft, with James 
Swinburne, developed one of these, and in more recent years the Ashcroft- 
Lacell process. 

The Siemens-Halske company spent a greal deal of time and effort on 
electrolytic zinc, much of it in the early years in trying to leach sulphide 
ores without roasting, made a number of contributions to the art and was 
still pursuing the subject of commercial electrolytic zine under the direc- 
tion of Dr. Victor Englehard when the Anaconda Copper Mining Co. 
and the Consolidated Mining and Smelting Co. went into commer- 
cial production. 

Like Siemens-Halske, S. Laszezynski was led, at the close of the 
century, to investigate electrolytic zine by doing similar work on copper. 
A little later W. Stoger worked the Laszezynski process in a pilot plant 
and recorded some advances; among them, electrolyzing in sulphuric 
acid up to 9 per cent. This seems to be the first account of pilot-plant 
work with sulphate solutions that was not harassed continually by spongy 
zine deposits or uncontrollable resolution of zine deposits. The signifi- 
cance of the acid bath does not appear to have been stressed in accounts 
of the work. The idea that the cell solution in electrolyzing zinc must 
be kept neutral, or nearly so, persisted in several quarters until after 1910. 

Attempts in several countries to develop a commercial process and 
plant continued without much success until the war. The rapid rise in 
prices and premiums offered for pure zinc intensified the search. The 
staff of the Anaconda Copper Mining Co., under the leadership of Fred- 
erick Laist, and that of the Consolidated Mining and Smelting Co., Ltd., 
under the leadership of Selwyn G. Blaylock, developed processes and 
plants that continued and increased production after the war. The 
spread of electrolytic zinc production over the world began and has con- 
tinued to the present time. There are now completed or under con- 
struction 24 electrolytic zinc plants (Table 2 and Fig. 4), all using 
sulphate solutions. 

This is a very brief statement, with many omissions, of the rise of elec- 
trolytic zinc from its inception to the present. A more extended account 
could include the interesting story of other early work and workers. 
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In Table 1, the year 1913 shows the status of production of zinc metal 
before the war with no electrolytic zine plants operating in the United 
States and most of the small world production coming from the Brunner, 
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Mond plant in England. The years 1914 to 1918 show the rapid emer- 
gence of electrolytic zine into commercial production, more rapid in the 
United States than elsewhere. In 1921 foreign production rose above 
United States and has that of the remained above; in fact, outstripping it 
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since 1928. The foreign production in 1935 was 79 per cent of the world 
production. The capacity of plants in the United States is around 231,- 
000 short tons and that of plants outside of the United States about 
560,000 short tons, including those of the U.S.S.R., indicating a foreign 
capacity of 71 per cent of the world electrolytic zine plant capacity. 
Fig. 1 shows the great increase in the production of electrolytic zine 
outside the United States since 1928, broken only by the relatively small 
decrease in 1931 and 1932. This may also be seen in Fig. 2, which com- 
pares it to foreign retort-zine production. In 1929, foreign electrolytic 
production was only 26 per cent of foreign retort production; in 1935, it 
was 70 per cent—striking evidence that electrolytic zinc in foreign 
countries has come out of the depression years in a far stronger position 
than it entered them. 


TABLE 1.—World Zinc Production? 
SHort Tons 


Total Electrolytic Retort 

Year 

World Usa: Foreign World U. 8: Foreign hase Foreign 
1913 | 1,118,872] 352,952 3,500 8,500 | 352,956 | 757,420 
1914 968,207] 370,200 3,500 3,500 | 370,200 | 594,507 
1915 924,977| 507,004 3,752 252 3,500 | 506,752 | 414,225 
1916 | 1,089,980) 679,833 17,600} 11,116 6,484 | 668,717 | 403,663 
1917 | 1,105,826] 682,225 38,700| 25,209] 13,491| 657,016 | 410,110 
1918 914,474) 525,349 58,490} 38,916] 19,574] 486,433 | 369,551 
1919 728,927| 471,684 50,711 | 27,056] 23,655 | 444,628 | 233,588 
1920 811,537) 479,669 84,968} 51,626] 33,342] 428,043 | 298,526 
1921 493,439) 215,614 43,936 | 11,559] 32,377 | 204,055 | 245,448 
1922 792,777| 373,678 113,853 | 55,369] 50,484] 318,309 | 360,615 
1923 | 1,059,821) 531,202 153,804} 71,088] 82,716} 460,114] 445,903 
1924 | 1,125,188) 535,846 163,405 | 77,493] 85,912 | 458,353 | 503,430 
1925 | 1,265,714] 590,928 175,601 | 79,004] 96,597 | 511,924| 578,189 
1926 | 1,873,212) 638,533 4 236,143 | 111,596 | 124,547 | 526,937 | 610,132 
1927 | 1,464,091} 613,548 253,262 | 112,629] 140,633 | 500,919 | 709,910 
1928 | 1,566,919} 619,595 329,686 | 160,160} 169,526 | 459,435 | 777,798 
1929 | 1,623,451) 631,601 362,056 | 156,235 | 205,821 | 475,366 | 786,029 
1930 | 1,556,857) 504,463 437,221) 131,188] 306,033 | 373,275 | 746,361 
1931 | 1,111,450} 300,738 362,148] 82,210] 279,938 | 218,528) 530,774 
1932 870,758] 213,531 260,857 | 23,208] 237,649 | 190,323 | 419,578 
1933 | 1,106,864) 324,705 377,967 | 88,315 | 289,652 | 236,390 | 492,507 
1934 | 1,305,052) 366,933 425,418] 76,657 | 348,761 | 290,276 | 589,358 


1935 | 1,487,383] 431,499 | 1,055,884! 552,270] 118,476| 483,794 | 313,023 | 622,090 


* The figures in this table are variously from the American Bureau of Metal Sta- 
tistics, American Zinc Institute, U. 8. Geological Survey and U. S. Bureau of Mines, 
or have been supplied by the author. 


In the United States the 1929 production of electrolytic was 33 per 
cent of retort production; in 1935, it was 38 per cent. Actually the 
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picture is better than shown in Fig. 3, as the stock on hand of electrolytic 
zine decreased since 1929, while that of retort zinc increased. 

The status of electrolytic zinc up to 1929 is given in an article by the 
writer in the November, 1929, issue of Minina and METALLURGY 
(pp. 526-531), so that mainly the developments since 1929 will be 
stressed here. 
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Table 2 shows the electrolytic zinc plants now operating or in process 
of construction, their capacities and productions for 1929 and 1935. 


CANADA 


The Consolidated Mining and Smelting Co., Ltd., built a 35-ton 
(cathode zinc per day) electrolytic zinc plant at Trail, B. C., and started 
commercial production early in 1916. Several additions have been made, 
until now it is the largest single plant in the world, with a capacity of 
400 tons per day. The main source of raw material is concentrate 
derived from the Sullivan mine of the company at Kimberley, B.C. A 
description of the plant is given in this volume (pp. 540 and 721), 
with its special features, such as two circuits treating calcine and fume 
from lead blast-furnace slag, the plant producing this fume, and the flash 
roast. All Canadian power is hydroelectric, of course. The 1929 produc- 
tion was 86,049 short tons of ingot zinc; in 1935, it was 119,051 tons. 

The Hudson Bay Mining and Smelting Co., Ltd., built a 70-ton zinc 
plant at Flin Flon, Manitoba, which began producing in 1930. The 
capacity was increased by 10 per cent in 1933, and by adding a fourth unit 
to the cell room in 1935, so that it might now be called a 100-ton plant. 
The zinc-plant feed, derived from the company’s Flin Flon mine, contains 
more copper than that treated by any other plant except that of the 
Cheliabinsk plant in the U.S.S.R. Also, it contains practically no lead, 
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and is higher than normal in iron. Some of the unusual features are the 
roasters designed for a split draft, precipitation of the bulk of the dissolved 


TaBLE 2.—Electrolytic Zine Plants 


a 


Capac- Production, Short 
ity, Tons Ingot Zine per 
Short ear 
Tons 
Cathode 
gine 1929 1935 
Canada: 
Consolidated Mining & Smelting Co. Ltd.......... 400 | 86,049 | 119,051 
Hudson Bay Mining & Smelting Co. Ltd........... 100 30,052 
Norway: ; 
Det Norske Zinkkompani A. S..............-+.+--]| 150 6,474 49,604 
U.S.S.R.: 
Ordvzhonikidze plants... ches ee ee ee 60 
(heliabinslkeplanteemerc he cted cise ae te re leet es 60 £7,600 
Kemerovorplantees sb. ae scien ict ier 150 
Poland: 
Giesche Spolka Akcyjna........-.--++e+++ sere: 66 14,518 22,133 
Slaskie Kopaline i Cynkownie..........----+++++-: 22 
Germany: 
Georg von Giesche’s Erben.........--.+--+---+++> 120 5222| 42,230 
France: 
WiewlewMiontapmess. yan sa: eleris = sete trates + 110 | 17,200 24,438 
Belgium: 
Wiewle Montagneeas. a-ceiqg-itiemeeciyc pu ei = 22 2,066 
Italy: 
Cia Impresa Elettriche Liguri....-.--..----+--++> 10 
Societa di Monteponi..........: +. ese e rere rece 20 10,551 19,713 
Societa’ Mineraria e Metallurgica di Pertusola...... 36 
Societa Montecatini-Montevecchio.......-...--+++: 30 
Japan: 
INeppon SOM a 02s. certs: viytte na elie eo eee eines 20 941 5,000 
Mitsubishi Mining Co., Hosokura plant......-...-- 9 2,542 
Mitsubishi Mining Co., Naoshima plant.....-..--- 20 1,387 
Rhodesia: 
Rhodesia Broken Hill Development Co., NBs ee eee 70 | 13,575 23,102 
Australia: 
Electrolytic Zine Corporation. Australasia, Ltd..... 225 | 56,001 74,856 
lis Sb Bue 
Anaconda Copper Mining Co., Great Halls taeersare 340 | 82,020 | 106,028 
Anaconda Copper Mining Co., ANACONGAs fhe ee. < 170 | 55,990 
Shiller Vining, (C0 45 ocr arderiewisyeissays Ale yesh Finest 65 | 16,582 12,448 
Evans-Wallower Zinc Co......-+--+-++sssserrtett 50 1,634 


2 Pilot-plant production. 


copper on slab zinc and the use of electrolytic zinc castings for a variety 
of plant purposes. The plant has been fortunate in not having to run on 
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a closed circuit. A portion of the neutral solution is used in the mill for 
flotation, and a portion of the cell acid (stripped of zinc) is discarded to 
keep the SO, content from building up too high. The production in 1931, 
the first full year, was 17,528 tons; in 1935, it was 30,052 tons. 


Norway 


The Norske Zinkkompani’s zinc plant is at Eitrheim, not very far from 
Bergen, Norway. This plant was built under the guidance of the Ana- 
conda company and came into production in 1929. Most of the concen- 
trate comes from the Reocin (Spain) mines of the Asturienne company 
and is roasted in Belgium for manufacture of sulphuric acid before being 
shipped to Norway. The concentrate carries sufficient magnesium to 
require discard of solution in order to keep the magnesium content 
within limits. The plant was built for a production of 110 tons, from three 
cell-room units, and has been since increased by one-third. The produc- 
tion in 1930, the first full year, was 41,054 tons; in 1935, it was 49,604 tons. 


UNION OF SOVIET SocIaListT REPUBLICS 


The U.S.S.R. plans for production of electrolytic zinc have undergone 
several changes. A one-ton (zine per day) pilot plant was built at the 
Ridder mine and operated forsome time. Eventually the first commercial 
plant was built at Ordzhonikidze, in the Caucasus, for a rated capacity of 
10,000 metric tons of slab zinc per year, and has been doubled in capacity. 
A main source of feed is the Mizursky mine, near at hand; a lead-zine ore 
from which a zine concentrate is obtained. Among special features are 
mercury-arce rectifiers for converting electric power into direct current. 
This plant came into production in 1934 with 5980 short tons. In 1935 
production for this plant and for the Cheliabinsk plant was about 
17,600 short tons. 

The second U.S.S.R. plant to be built was the one at Cheliabinsk, 
in the Urals, with a rated capacity of 20,000 metric tons of slab zine per 
year. The zincky ores of the Urals run to copper, rather than lead, with 
the zinc. The copper is difficult to separate satisfactorily. The result for 
the zine plant is a concentrate that is higher in copper than perhaps any 
other being treated in a similar manner. The plant came into production 
in 1935. 

A third plant has been planned, to be built at Kemerovo, in the 
Kuzbass region in Siberia, and to have a capacity of 50,000 metric tons of 
slab zinc per year. The feed is to be concentrate mainly from lead-zine 
ores of surrounding districts including the well-known Ridder mine. 


POLAND 


Upper Silesia, now in Poland, has been the scene of attempts to develop 
a commercial electrolytic zine plant for many years. It remained for the 
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Anaconda company, through the Giesche Spélka Akcyjna, to build the 
first one at Szopienice, near Kattowice, in 1928. This was based upon its 
work in the United States of America. It was built for a capacity of 
66 tons. The feed is a high-grade concentrate from the company’s mine 
near by. Originally the plant operated on a Waelz fume obtained from 
oxidized ore and tailings, and the concentrate went to the company’s 
retort zinc plant. It was found beneficial to both plants to switch the 
two feeds. The electrolytic zinc plant is said to be able to compete with 
the retort plant on even terms as to costs and actually to assist in reducing 
the cost of operation of the retort zine plant. The former receives its 
electricity from a coal-burning generating plant, which uses the reject 
from coal screenings. The retort plant receives the screened coal at a 
lower cost because the electrolytic plant can use the reject coal. The 
production in 1929, the first full year, was 14,518 tons; in 1935, it was 
22,133 tons. 

The Slaskie Kopalnie i Cynkownie, Spélka Akcyjna, has a plant at 
Kamién, Poland, with a rated capacity of 22 tons. A production of 
2705 tons is given for 1930. Since then it appears to have been idle most 
of the time, if not all. 


GERMANY 


The Georg von Giesche’s Erben, mining the part of the von Giesche 
property that was left on the German side of the Polish-German boundary, 
built a 120-ton plant to treat the concentrate at Magdeburg, in conjunc- 
tion with the German Government. The plant is described in another 
part of this volume (p. 465). It includes a number of innovations. The 
power is coal-generated by a plant across the canal from the zinc plant. 
The production in 1935, the first full year, was 42,230 tons. 


FRANCE 


Vieille Montagne began planning a zinc plant before the war ended 
and finally build a small one at Viviez, in southern France, which began 
producing in 1923. The capacity was increased and the output in 1929 
reached 17,200 tons. The capacity has been further increased, so that it 
is now a 110-ton plant. The output in 1935 was 24,438 tons. 


BELGIUM 


Vieille Montagne has built another plant at Baelen, Belgium, which 
came into production in 1935. It is a 22-ton plant, which treats the zinc 
fume from the company’s lead-furnace slag-fuming plant. The produc- 
tion for 1935 was 2066 tons. 


ITALY 


Italy has four small plants, including the one under construction by 
Montecatini-Montevecchio at Porto Marghera, near Venice. -It is to have 
a capacity of 10,000 metric tons per year. 
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Italian work started in 1916 and drew upon the research work of 
Laszezynski, Stéger and Siemens-Halske. The first commercial produc- 
tion, if it could be called that, was in 1921 from the Cia. Impresa 
Elettriche Liguri plant at San Dalmazzo di Tenda, near Genoa. It is a 
10-ton plant and has lain idle for more than five years. The feed was 
roasted sulphide material, some of which came from the Miniera di 
Vallauria near by and ores of Lombardy. Hydroelectric power from a 
near-by source was used. 

The Societ&é di Monteponi built the second plant at Monteponi, 
Sardinia, to treat the low-grade, iron-bearing calamines of that company’s 
Campo Pisano mines. It is a 20-ton plant and came into production in 
1926. A pyrite-roasting acid plant supplies the acid required. 

The third plant was built by the Societ& Mineraria e Metallurgica 
di Pertusola near Crotone. It is a 36-ton plant built under the guidance 
of the Anaconda company, and came into production in 1928. It also 
treats material from Sardinia but in large part the feed is a blende from 
the Miniera Ingurtosa, which is roasted at Crotone for manufacture of 
sulphuric acid. 

The total production in Italy in 1929 was 10,551 tons; in 1935 it was 
19,713 tons. 


JAPAN 


Japan started work on electrolytic zinc as early as 1917 with a mill 
built by the Nippon Soda Co. at Fukushima-Ken. This was what might 
be called a pilot plant, with a capacity of 2 tons per day. Apparently it 
was none too successful, and a second one was built a few years later. 
Production seems to have remained at 1000 tons or under until 1931. 
The capacity is now given as 20 tons per day and the output was estimated 
in 1935 as 5000 tons. 

A second plant, built by the Mitsubishi Mining Co. near the Hosokura 
mine, Miyagi Pref., had an estimated production of 2000 tons in 1932 and 
2542 tons in 1935. A third plant, also built by the Mitsubishi Mining Co., 
is near Naoshima, Kagawa Pref. It came into production in 1935 with 
1387 tons and is rated as a 20-ton plant. 


RHODESIA 


Rhodesia Broken Hill Development Co. started work on a plant 
to treat calamine from its deposit in Northern Rhodesia. It is south of 
the large copper deposits. The plant came into production in 1928, 
rated as a 35-ton plant. It has been enlarged and is now rated at over 
70 tons. The ore contains vanadium, which is separated and sold as a 
by-product. The zinc is present as a silicate, which meansa large amount 
of soluble silica, as at the Monteponi (Italian) plant. It averages only 
25 per cent zinc. Slag from previous lead-smelting operation is used 
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as the source of soluble iron in the leach, giving still more soluble silica. 
Satisfactory handling of this silica and recovery of the vanadium content 
are creditable achievements. 

Production in 1929 was 13,575 tons; in 1935 it was 23,102 tons. The 
plant shut down in June 1931 but reopened at the beginning of 1932. 


AUSTRALIA 


Electrolytic Zinc of Australasia Ltd. came into production in 1918 after 
benefiting from work in the United States. Increase in capacity of the 
plant was begun in 1929 but held in abeyance until 1935. Itisnow rated 
as a 225-ton plant. With the adoption of the alkaline circuit in flotation 
mills of the Broken Hill district a few years ago, the grade of the zinc 
concentrate to this plant has steadily risen in zinc to over 50 per cent and 
fallen off in lead and silica content. One wonders if the change in the 
concentrate will cause changes in the zinc plant. A description of the 
plant is given elsewhere in this book (p. 482). 

Nearly all the Broken Hill concentrate is roasted on the Australian 
mainland for sulphuric acid production. The calcine is then shipped to 
the zinc plant at Risdon, Tasmania. Raw-material requirements for the 
increase in plant are being met in large part by concentrate from the 
Rosebery and Hercules ores of the company near Zeehan, Tasmania. 

The production in 1929 was 56,001 tons; in 1935, it was 74,856 tons. 


Untrep STaTES OF AMERICA 


Commercial production of electrolytic zinc in the United States began 
in the 10-ton plant of the Anaconda company at Anaconda, Mont., late 
in 1915. Shortly this was enlarged to a 25-ton plant. Meanwhile the 
100-ton plant was being built at Great Falls, Mont. The latter was 
enlarged in several steps to reach a capacity of 340 tons per day 10 years 
later. The 25-ton plant at Anaconda was dismantled in 1916 and some of 
the equipment used in the first enlargement of the Great Falls plant. In 
1927 a new 170-ton plant was built at Anaconda. The feed for these 
plants is concentrate from company and outside sources, mainly Montana, 
Utah and Idaho. In addition, the Great Falls plant continues to treat 
fume from lead blast-furnace slag from the plant at East Helena. Produc- 
tion of these two plants amounted to 138,010 tons in 1929, and of the 
Great Falls plant to 106,028 tons in 1935. The Anaconda plant was 
started up at half capacity in June 1936, after a three-year shutdown. 
Zinc was being made in half a month after the order to start was received. 

The Sullivan Mining Co., at Kellogg, Idaho, built a 65-ton plant to 
operate on the Tainton electrolytic zinc process and started up late in 
1928. The feed is zinc concentrate from the company’s Star mine and 
a number of outside sources. A description of the plant may be found 
elsewhere in this volume (p. 527). Production in 1929 was 16,582 tons; in 
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1935, it was 12,448 tons. Production this year, 1936, has been practi- 
cally at full capacity. 

The Evans-Wallower Zinc Co. also built a plant for using the Tainton 
process; a 50-ton plant at East St. Louis, Ill., which started up late in 1929. 
A number of concentrates and other materials were used as feed. Produc- 
tion in 1930 was 9516 tons; in 1931, it was 10,654. Since then the plant 
has not operated. 


ELECTROGALVANIZING 


A notable development since 1929 has been the commercial production 
of a finished article from electrolytic zinc plant purified solution—namely, 
electrogalvanized wire. Production of solution and electrolysis is essen- 
tially by the Tainton process, using a much higher current density than in 
the Tainton electrolytic-zine process. Bethlehem Steel is now operating 
a plant rated at 250 tons of wire per day, at Johnstown, Pa. 


Purity oF PRropuct 


Beside the large increase in the production of electrolytic zine since 
1929, the development of the industry has been characterized by continued 
increase in the purity of the metal produced. Electrolytic zinc of 99.99+ 
per cent grade is now produced in low, medium, and high current- 
density plants. 


The Magdeburg Zinc Works of the Georg von Giesche’s 
Erben Mining Company 


By Hermann Bacu,* WatrHer HAnia,{ WILLI Genruarpt,{ Ernst THEURICH$ 
AND WALTER LANGNER|| 


Wrru the construction of the Magdeburg zinc works, the Georg von 
Giesche’s Erben Mining Co. of Breslau has to a certain extent completed 
the program of reconstruction which it set as its goal after the boundaries 
of Upper Silesia were drawn by the Treaty of Versailles. During its 
history, covering more than two centuries, zinc and lead mining has been 
its chief activity. Through the new boundaries established, it lost to 
Poland all its mines and smelters, including five distillation smelters. Of 
its extensive properties, there remained only an apparently unimportant 
and unexplored portion of the old Bleischarley ore field which, however, 
happily made possible the resumption of its old business. In 1925 the 
Deutsch-Bleischarley shaft—only a few kilometers from the old Bleis- 
charley shaft—was sunk and developed, and in May 1926 production of 
lead and zinc ore was resumed. As facilities for smelting were lacking, 
the ore was at first delivered to the neighboring smelters, which had now 
become Polish. Realization of the plan to build its own zine works had 
to be postponed at first for lack of capital. In the meantime, however, 
plans for the new works were worked out in all details. 

After extensive experimentation in a semicommercial pilot’plant it was 
decided, at the end of 1928 and the beginning of 1929, to use the elec- 
trolytic process and, for economic reasons, to place the works at Magde- 
burg. With zinc at the approximate price level that had ruled since the 
Deutsch-Bleischarley mine had begun working, it was hoped that the 
plan could be completed in 1930 with the company’s own resources. 
However, falling metal prices, already noticeable in 1929, made this 
impossible, and further postponement for a time became necessary. 
Finally, at the end of July 1933, the funds for building the works became 
available, in the form of a loan granted under the first employment 
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program of the National Socialist Government. Only a few days 
later, on Aug. 1, 1933, construction of the Magdeburg zinc works was 
begun, and after a building period of one year, including clearing of the 
site, it was ready for operation. 

The zine works was erected in the new industrial region of Magdeburg, 
about 10 km. north of the city. The plant site lies in the area created by 
excavation and dredging for the Magdeburg industrial harbor. This 
harbor lies on the canal connecting the Elbe and the Mittelland canal, 
which is still under construction. The site was formerly in the flood area 
of the Elbe and was filled in with earth from the dredging operations for 
the harbor. 

Careful investigation of the ground, chiefly by borings, showed the 
use of pile foundations to be necessary. Altogether, about 22,000 run- 
ning meters of Mast system (steel-shell) piles were driven, part of which 
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Fig. 1.—FLOWSHEET OF ZINC WORKS. 


had to be driven 14m. deep. The electrolyzing plant was not erected on 
piles, because deep excavations were required for the cellar under the cell 
room. As th’s cellar lies below the high-water level of the Elbe, it was 
built of reinforced concrete as a waterproof chamber. 

The works property has an area of 500,000 sq. m. and has water and 
rail connections. The buildings are arranged according to the flowsheet 
(Fig. 1), along a main road connected to the public highway system. 

In addition to the plants for the actual zinc extraction, the roasting 
plant with its associated sulphuric acid works, the leaching plant, elec- 
trolytic plant and plant for melting the cathodes, there is a cadmium 
plant for working up the cadmium residues from the zine solutions, and a 
residue plant for treating the zinc and lead residues from the leaching 
plant. A year ago a zinc-alloy plant was added, in which zine alloys 
containing aluminum, copper and magnesium with a base of electrolytic 
zinc are made for die-casting. Auxiliary plants are the central workshop, 
the water works and purification plant, the warehouse for spare parts and 
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material, the sample mill, the chemical and metallurgical laboratories 
and, finally, the change house with the arrangements for social welfare. 

The necessary electrical power and the heating and process steam are 
purchased from a steam-power plant about 200 m. from the works. 
Three-phase 10,000-volt current is received and transformed at the works 
into three-phase 500-volt current, or rectified into direct current 
for electrolysis. 

The works were planned for a yearly production of 40,000 tons of 
electrolytic zinc and 65,000 tons of 66° sulphuric acid and were brought 
to full capacity after a breaking-in period of about three months. Up 
to the present, only flotation blende from the Deutsch-Bleischarley mine 
has been worked, in addition to the zinc oxide made in the residue plant 
and the dechloridized zinc dross from the melting plant. The blende 
contains 8 to 10 per cent moisture when delivered and has approximately 
the following composition, calculated to dryness: Zn, 60 to 62 per cent; 
S, 32 to 33; Pb, 1; Cd, 0.2 to 0.25; Fe, 3; Cu, 0.055; Ni, 0.004; Co, 0.002; 
SiOz, 0.22; CaO, 0.17; MgO, 0.15; Al,O3, 0.04; Mn, 0.015; As, 0.12, 
Cl, 0.12. 

The flotation blende, with a fineness of 96 per cent below 0.25 mm. 
and 65 per cent below 0.1 mm., is lumpy and gritty when unloaded. 
Even after partial preliminary drying on the drying hearth of the roasting 
furnaces, these lumps do not disintegrate, but pass through the furnace 
only superficially roasted and lower the extraction. With insufficient 
preparation of the raw blende, the proportion of badly roasted lumps may 
amount to 25 per cent, but with proper preparation it is below 10 per 
cent, and at the same time a better calcine and an improvement in the 
fuel consumption is obtained. The physical condition of the blende is 
most favorable when it contains about 4 per cent of moisture. Such a 
blende is not lumpy but soft and loose. Drying below 4 per cent is not 
desirable, as absolutely dry blende forms too dense a layer on the upper 
hearth of the roasting furnaces, flows too easily across the hearth and will 
form more dust. For this reason drying of blende was introduced ahead 
of the roasting. 


DRYING PLANT 


The blende received by rail or water is unloaded from the cars or 
barges, or taken from the stockpile by a grab crane having a capacity of 
2 cu. m., and delivered to a hopper discharged by a pulsating push- 
feeder to a belt conveyor with a capacity of 100 to 120 tons per hour, 
which discharges into a 400-ton stock bin. The raw, wet blende is then 
delivered by a push-feeder to a steam-heated hearth drier 5 m. in external 
diameter, with six hearths. The blende is carried accross the individual 
hearths by six rabble arms. The drier has a capacity of about 12.5 tons 
per hour and reduces the moisture to 2 to 4 per cent H.O with a steam 
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consumption of 0.8 to 1.2 tons per hour, depending on the degree of 
drying. The dust in the escaping vapor is removed in a combination 
wet and dry separator. The escaping gases contain less than 0.5 grams 
per cubic meter of dust. The dried material is reduced to uniform size in 
a centrifugal mill and then carried by a belt conveyor and an elevator to 
an intermediate storage bin, or distributed directly, after weighing on an 
automatic scale, to the feeding hoppers above the roasting furnaces. 


Roastinc PLANT 


For roasting the flotation blende, four nine-hearth Humboldt 
mechanical roasting furnaces have been provided (Fig. 2). During the 


2 


Fic. 2.—HEAD OF ROASTING FURNACE. 


roasting the blende progresses through the furnace in the usual way over 
the inner and outer drop-hole hearths. The roasted blende after dis- 
charging passes a screen with meshes about 20 mm. wide. The oversize 
lumps are collected in a special car and ground in an edge runner. The 
screened fines discharge down a water-cooled chute into a push conveyor 
under the floor in front of the furnaces and are cooled there to about 
80° C., which is necessary to protect the screening equipment. 

For screening the calcine, four vibrating screens, with a screen area 
of 1000 by 2000 mm. each, are placed above the storage bin, two being in 
use and two in reserve. The undersize falls into a double bin having a 
capacity of about 400 tons. From this the calcine is fed to a bucket 
conveyor by an inclosed rotary feeder, and after being weighed auto- 
matically, is conveyed by a belt conveyor to the leaching plant. Over- 
sized material goes into a small bin, from which an inclosed rotary feeder 
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carries it to a screenless ball mill having a capacity of about 3.5 tons per 
hour. Depending upon the degree of desulphurization, the oversized 
material is either mixed with finished calcine or sent back to the fur- 
nace charge. 

The dust deposited in the gas collectors near the gas outlets, in the 
cyclones and the balloon flue and in the Cottrell treater is transported 
by a pneumatic conveyor and is mixed with the calcine if suitable. If the 
dust contains more than 0.5 per cent of sulphur as sulphide or more 
sulphur as sulphate than is permissible, it is returned to the roasting plant. 

The roasting furnaces were designed for a daily feed of 60 tons of 
raw blende each. With normal charging, about 50 to 55 tons, there is a 
sufficient reserve capacity to permit of necessary repairs. 

The furnaces have an external diameter of 7600 mm. and an internal 
one of 6500 mm. The internal diameter of the center shaft is 1600 mm. 
and the external 2000 mm. The firebrick lining is 550 mm. thick and 
insulated at all nonsupporting points. The furnace has a drying hearth 
and nine roasting hearths. The hearths are built flat to give as little 
dead hearth layer as possible, thus avoiding the formation of thick crusts. 
Maximum use is made of the principle that more roasting is done during 
the fall of the ore from one hearth to the next. The hearths that dis- 
charge at the center are provided with a ring discharge 3000 mm. in 
diameter, the material falling in a thin stream onto the next hearth. 
The hearths that discharge to the periphery each have 10 large drop- 
holes. On hearths 5 to 9, the cross sections of the drop-holes and rings 
are restricted. These points, together with the masonry construction, 
and the method of introducing the air, account for the high capacity of 
the furnaces. 

The drier hearth has four rabble arms to insure even feeding to the 
first roasting hearth. The roasting hearths have two rabble arms each. 
The individual rabbles have a blade angle of 60° on the upper hearths 
(1, 2, 3 and 4) and of 70° on the lower (5, 6, 7, 8 and 9), in order to pile up 
the material especially on hearths 7 to 9 and slow down the passage of the 
ore. By this means, the evolved heat is better utilized and the last 
traces of sulphur more positively removed. The furnace is direct driven 
through two sets of gears. For greater flexibility and for better control 
of the roasting, the time for one revolution may be varied at will from 1 to 
2 min., giving a roasting time of 5 to 10 hr., respectively. 

One of the most important features, in addition to the internal con- 
struction of the furnaces and the various structural details, is the method 
of introducing the roasting air. Each furnace has a cold-air fan, which 
delivers 175 cu. m. per min. of air at a pressure of 300 mm. of water. ‘The 
air for cooling the rabble arms is utilized as preheated roasting air and 
is distributed to the various hearths according to’ a scheme established 


by experimentation. 
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The bottom hearth (No. 9) is heated in addition by industrial gas. 
Expressed as fuel oil with a calorific value of 10,000 cal., the gas consump- 
tion is 1 per cent. This is necessary to obtain a uniform product contain- 
ing about 0.3 per cent of sulphur as sulphide and less than 1 per cent as 
sulphate, with the iron thoroughly oxidized and a complete volatilization 
of the arsenic and chlorine. 

As mentioned, the furnaces were designed for a daily capacity of 60 
metric tons of raw blende each. Actually, 64 tons per day are roasted in 
each furnace. With a feed of 31 per cent S, about 20,000 kg. S is roasted 
off on 248 sq. m. of effective hearth area in 24 hr. Differently expressed, 
the roasting capacity is 80 kg. of sulphur or 258 kg. of dry blende per 
square meter per day. About 13 per cent of the feed is recovered as 
flue dust. Half of the dust is well roasted and may be added to the 
calcine; 20 per cent is recovered in the Cottrell treater and sent to the 
residue plant, which is described later. The remainder is returned to 
the furnaces. 

The roaster gases drawn off from the four upper hearths on two sides 
of the furnaces have a concentration of approximately 6 per cent SO2 by 
volume. Part of the accompanying dust is recovered in the cyclone 
situated close behind the roasting furnaces, and in the balloon flue, which 
also serves to equalize the furnace draft. The dust collected there returns 
to the roasting plant. The remaining dust, 6 to 8 grams per cubic meter, 
is collected in a Cottrell treater, where the temperature averages about 
450° C, 


SutpHuric Acip PLANT 


The dust precipitator ahead of the contact acid plant consists of three 
Siemens-Lurgi-Cottrell chamber systems connected in parallel. The 
operating voltage is 52,000 volts at 80 to 100 milliamperes. The clear- 
ance is 99 per cent, so that the purified gas contains less than 0.5 gram of 
dust per cubic meter. The average velocity of the gas through the 
chambers is 0.5 meter per second. 

After the dust precipitation, the gases enter the washing and cooling 
equipment, which consists of three parallel tower systems, each system 
containing two lead towers in tandem. The rising gas is sprayed in the 
first tower with 50° Bé. acid, lowering the temperature to about 100° C. 
This tower is lined with acidproof brick but contains no packing. The 
second tower is lined at the bottom quarter only. About this point it is 
packed with acidproof rings. The washing is done with 5° Bé. acid and 
effects a cooling to 40° C. 

The scrubbed and cooled gas then enters the final or de-arsenifying 
treater, where it is freed from the last traces of lead, arsenic, SOs, etc. 
This treater also consists of three chamber units, made up of three pairs 
of lead chambers. A lead-lined tower is placed between the first two 
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pairs, in which the gas is scrubbed with water to remove chlorine and also 
fluorine if present. The gases pass from the treater to drying towers, 
where they are sprayed with concentrated sulphuric acid. The cleaned 
dry gas is then compressed by a rotary blower to a pressure of 1000 to 
1200 mm. of water and delivered to the convertors. From an initial 
pressure of —180 mm. to the delivered pressure requires about 120 hp. 
with a capacity of 260 cu. m. per minute. 

The contact apparatus consists of two systems of two convertors 
each, with a daily output of 45 tons of monohydrate per convertor, so that 
the normal daily output of the plant is 180 tons of monohydrate. Hach 
convertor has six grids, two in the first stage and four in the second, on 
which the vanadium contact mass is spread. The conversion is about 
80 to 82 per cent in the first stage and 16 to 18 per cent in the second, the 
total being 98 to 98.5 per cent. The convertor walls are cooled and this, 
together with the possibility of admixing cold gas, makes it possible to 
regulate the temperatures of the stages and grids very carefully. Each 
convertor has three heat exchangers, one of which lies between the first 
and second stage. Because of these precautions and careful insulation 
of the convertors and heat exchangers, it has not been necessary to heat 
the gases except when the convertors are being started up, in spite of the 
fact that gas with a concentration of 4 per cent SO2 by volume, or even 
less, must often be treated for a long time when starting, and that inter- 
ruptions of as much as 12 hr. sometimes have occurred. 

The SO; gas from the heat exchangers is recovered as monohydrate 
or 20 to 35 per cent oleum by absorption in highly concentrated sulphuric 
acid, without previous cooling. _Each of the two contact systems has a 
monohydrate tower and a fuming-acid tower, the first having a capacity 
of 90 tons of monohydrate per day and the second of 150 tons of 20 per 
cent fuming acid. In order to meet any market demands, apparatus is 
also provided in which the monohydrate can be diluted with water to 
any desired concentration. 

The exit gases with traces of SO; are discharged to the air through a 
100-m. chimney. In order to have a gas at all times harmless to vegeta- 
tion when it leaves the chimney, this is so constructed that enough 
fresh air is drawn in to dilute the gas four to five times. This measure 
appeared necessary to avoid injury to vegetation of a very fertile agricul- 
tural region, such as that surrounding the works. 


ZINC-LEACHING PLANT 


The calcine, containing 72 to 73 per cent Zn, is subjected in the leach- 
ing plant to a two-stage leaching process. Batch leaching was chosen for 
better control of operation and lower power consumption. Two-stage 
leaching gives a higher yield of zinc and, also, weakly acid residues may 
be filtered better than neutral residues. Cylindrical tanks of 100-cu. m. 
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useful capacity, with conical bottoms and lined with sheet lead and acid- 
proof brick, are used as the leaching tanks. The agitation is done by 
a propeller agitator made by the Maschinenfabrik-Augsburg-Niiremberg 
(Figs. 3 and 4), which agitates the pulp vertically, discharging it through 
a comparatively small tube. Its advantages over paddles are better 
mixing with less power consumption, less space required and equal 
operating and construction costs. The construction is of rubber- 
covered steel. 
The neutral residue is separated from the zine sulphate solution in 
thickeners 18 m. in diameter and 4 m. deep, with a total capacity of about 
1100 cu. m. each. The thickened slime, containing about 450 grams of 


Fie. 3.—ZInc LEACHING. LORRY AT RIGHT, AGITATOR AT LEFT. 


solids per liter, is pumped to a wet ball mill by a diaphragm pump and, 
after being ground to below 0.25, is leached with dilute sulphuric acid in a 
tank similar to the ones used for neutral leaching. The acid pulp is 
clarified in a thickener lined with lead, having rubber-covered rakes. The 
thickened acid pulp, containing 400 to 500 grams solids per liter, is filtered 
in Sauerbrey-Jung pressure filters. These filters are made up of rings of 
porous stoneware, hung on rubber-covered iron pipes to form a tube 
about 2m. long. These tubes are suspended in a pressure tank, the core 
being the outlet for the filtrate. The vessel is filled with the pulp and 
kept under 7 atmospheres of pressure until the filtration is complete. The 
cake is washed with water and blown off with compressed air. In this 
way a residue containing about 20 to 25 per cent moisture is obtained, 
which, after being dried in a rotary furnace, is treated in the residue plant 
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for recovery of the lead and zinc. With a daily residue production equal 
to 10 to 12 per cent of the calcine used for leaching, it contains 20 to 30 
per cent Zn and 4 to 6 per cent Pb. 

The zine sulphate solution from the neutral thickener is purified in the 
usual way by blue powder, with an addition of copper sulphate if neces- 
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Fig. 4.—Zinc LEACHING. Acrrator with M.A.N. SCREW PROPELLER. 


sary. Filter presses are used to separate the purified solution from the 
precipitated metals, as is usual elsewhere. Consumption of zinc dust 
amounts to 1 per cent of the cathode zine production. The residues, 
containing up to 35 per cent Zn, 12 per cent Cd and 2.5 per cent Cu, are 
treated in the cadmium plant. The purified sulphate solution is cooled 
to 25° to 30° C. in order to precipitate the CaSOu.u, MgSOu, SiOz and basic 
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zine salts in solution. After this treatment it is pumped into storage 
tanks for electrolysis. 


Zinc ELECTROLYSIS 


The electrolyzing process was developed by lengthy experimentation 
with full-sized units. The operation and cell arrangement are described 
in U. S. Patent 1984745. Of the 480 cells, with internal dimensions 
940 mm. width, 1400 mm. length and 1460 mm. (1360 useful) depth, 
448 are normally in use and 32 in reserve. Cells and anodes are cleaned 
every six to eight weeks in rotation. Each cell contains 12 cathodes with 
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depositing surfaces 600 by 960 mm. and 13 anodes with useful surfaces 
580 by 945 mm. each, with a spacing of 23 mm. from cathode to anode. 
With a current load of 10,000 amp. per cell, the current density is 725 to 
740 amp. per sq. m., depending upon the level of the electrolyte in the 
cell. The cells are made of reinforced concrete with a lining of sheet lead, 
3 mm. thick, over an acid-resistant varnish. The 480 cells are placed in 
30 rows of 16 cells each and are on one level (Fig. 5). A cell unit consists 
of 240 cells, so that there are only two groups. The immersed part of the 
anodes is perforated. They are made of a silver-lead alloy containing 
1 per cent Ag. The cathodes are aluminum sheets, 5 mm. thick. For 
avoiding sprouts, the edges are protected by rubber strips, which have 
proved more satisfactory than wooden ones during almost two years of 
use, and have not yet required renewal. 
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In contrast to the usual process of electrolysis, the concentration of the 
electrolyte in the cells is kept nearly constant at about 55 to 60 grams Zn 
and 150 to 160 grams free acid per liter. The neutral electrolyte, contain- 
ing 160 grams Zn per liter, is led into the cells by siphons from a trough 
above the center of each double row of cells, and 100 to 105 grams Zn per 
liter is removed during electrolysis. The manganese content of the 
electrolyte is 2.0 to 3 grams per liter. The cell voltage fluctuates 
between 3.1 and 3.35 volts, dependent on the coating of manganese on 
the anodes. 

The condition for good current efficiency is a constant concentration 
of zinc and acid in the electrolyte. With greater current density and 
smaller spacing between electrodes, however, this requirement cannot be 
satisfied without the use of special aids. At the Magdeburg plant, one 
means of attaining a constant electrolyte composition was worked out and 
patented (U. S. Patent 1984745). This was to close the side openings 
between the electrodes so that the evolution of gas and heat effected a 
positive and thorough circulation of the electrolyte, thus giving the 
desired uniform electrolyte composition. 

The zine cathodes are stripped every 24 hr., at present during the 
morning shift. For this purpose four cathodes are lifted at once and 
carried to the stripping room by a trolley rail. One man cares for a row 
of 16 cells and normally spends 5 to 6 hr. in lifting and stripping the 
cathodes, cleaning their contacts and replacing them. 

A temperature of 35° to 40° C. is maintained by water-cooled lead 
coils (Fig. 6) placed at the ends of the cell. About 60 mg. of glue per liter 
of neutral electrolyte, or 350 to 400 grams per ton of cathode zine, is 
added to the cell. 


TRANSFORMING AND RECTIFYING PLANT 


Large iron-cased mercury-vapor rectifiers are used to provide the 
direct current for the electrolysis. As this alone consumes about 125,- 
000,000 kw-hr. per annum, any improvement in efficiency has an impor- 
tance not to be underestimated, in view of the large part played by current 
in the cost of making electrolytic zinc. It was known that a high con- 
version efficiency could be obtained with large rectifiers working at higher 
voltages than are usual in zine-electrolyzing plants. It was therefore 
decided to divide the 480 cells into two groups of 240 cells each, which 
called for a voltage of 750 to 850 volts on the direct-current side of the 
rectifier. The conversion efficiencies given for these voltages by the 
manufacturers were 94.5 per cent for rectifiers and 93 per cent for rotary 
convertors. Another fact in favor of the rectifier is that, having no 
moving parts, it requires little attendance, and that its cost is considerably 
less than that of the rotary convertor. All expectations have been fully 


confirmed by two years of operation. 
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By an especially exact method of measurement the conversion effi- 
ciency has been found to be 95 per cent. The high voltage of 750 to 
850 volts for one cell group is especially noteworthy. So far as is known, 
it is used here for this purpose for the first time. By means of a special 
wiring scheme (Fig. 7) and very carefully installed insulation, which, of 
course, is necessary at any rate, safety in maintenance and operation 
is attained. 
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Fra. 6.—ARRANGEMENT AND CROSS SECTION OF ELECTROLYTIC CELLS. 


Each cell group has a rectifier group; another rectifier group stands 
in reserve. Each consists, in addition to the usual high-tension appara- 
tus, of the special 10,000-kva. transformer with six-phase winding, the 
reaction coil and two 5000-amp. rectifiers, which deliver, connected in 
parallel, 10,000 amp. between 715 and 820 volts. The rectifier anodes 
are grid-controlled. This permits the direct-current voltage to be regu- 
lated by steps from 0 to 820 volts, the load to be taken up in the same way. 


— 
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Grid control gives the same ease of regulation to the rectifier that the 
motor generator has. It has the further advantage of affording the best 
protection against short circuits within and without the rectifier. In 
cases of short-circuiting, the affected group of cells is cut out in less than 
lég sec. by the automatic switches, and at the same time all the anode 
grids are put on negative voltage, so that there is no charging current. 
When the short circuit is removed, the affected cell groups are recon- 
nected automatically, so that the electrolytic process is unaffected. The 
10,000-amp. direct current produced reaches both cell groups through a 
switch and distribution system constructed entirely of aluminum. 
With this distribution system and the aid of grid control, it is possible 
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Fic. 7.—WIRING SCHEME FOR ELECTROLYSIS OF ZINC. 


'— 4/0 volts 


to transfer the load from either rectifier to the reserve rectifier gradually 
and evenly. 


MeE.ttinc PLANT 


The unwashed zinc cathodes are stacked on racks as they are stripped. 
After weighing, they are trammed to the melting furnaces by storage- 
battery trucks. Here they are lifted from the racks to the charging 
chute by electric cranes with hand-operated chain control. The fur- 
naces are fed by hand. Low-frequency induction furnaces with a 
capacity of 20 and 10 tons of molten zinc and a melting capacity of 3 
and 2 tons per hour, respectively, are used (Fig. 8). They are the first 
to be made of these sizes. The two larger furnaces have a connected 
load of 550 kva. and were built by the Siemens and Halske A.-G., Berlin. 
The 2-ton furnace has a connected load of 350 kva., and was supplied 
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by the A.E.G., Berlin. The power consumption is 110 kw-hr. per ton 
of slab zine. 

As the zinc cathodes are charged and melted, zinc is ladled out through 
a ladling door with 120-kg. pouring ladles and cast in iron molds into the 
usual commercial slabs weighing about 20 kg. Seventy-five slabs at a 
time are piled on a low rack and taken by a specially constructed tiering 
truck to the storehouse or direct to loading. 

Melting is facilitated by the addition of about 400 grams sal ammoniac 
per ton of slab zinc. Of the cathode zinc melted, 97.5 per cent is 
recovered as slab zinc and only 2.5 per cent is converted into dross con- 
taining about 85 per cent Zn. This contains about 1 per cent chlorine, 
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from the sal ammoniac. After being dechloridized by calcining in a 
short rotary kiln, it is leached in the usual way. 


CADMIUM PLANT 


The cadmium precipitates from the zinc leaching, containing about 
35 per cent Zn, 2.5 Cu, 2.5 per cent Pb, 0.04 per cent Ni, 0.005 per cent 
Co and 0.15 per cent As, with up to 12 per cent Cd, are treated for 
electrolytic cadmium. The zinc is recovered by leaching as a zinc sul- 
phate solution, which is delivered to the zinc-leaching plant. In develop- 
ing the process, special emphasis was placed upon removing the nickel, 
cobalt and arsenic as completely as possible from the cycle. This can be 
done by treating the zinc-cadmium residues with zinc-cell acid directly 
after wet grinding, without any preliminary drying and roasting. The 
acid is added gradually to the suspension obtained in the wet grinding. 
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In this method of treatment a certain excess of metallic zinc or cadmium 
is constantly present, so that any copper, nickel or cobalt that dissolves 
is reprecipitated immediately. 

The danger from arsine is taken into account, of course. To prevent 
any such poisoning, each solution tank is covered, and care is taken to 
exhaust the gases and dilute them sufficiently with fresh air. In addition, 
good ventilation is provided for the leaching plant. These measures 
have proved fully satisfactory. 

By filtering in presses a copper residue is produced together with a 
zinc-cadmium solution with about 20 to 30 grams per liter of cadmium. 
The cadmium in the filtrate is precipitated as cement cadmium con- 


Same 


Fic. 9.—ELECTROLYSIS OF CADMIUM. 


taining about 80 per cent Cd, by gradually admixing blue powder. The 
cement cadmium is dissolved in cell acid from the cadmium electrolysis, 
without any preliminary treatment. The resulting CdSO, solution is 
purified from such constituents as cobalt, iron, thallium, etc., and then 
passes into the cadmium electrolysis with a content of 180 to 200 grams 
Cd, 20 to 30 grams Zn, 0.5 grams Mn and 40 to 50 mg. Ni per liter. 

The cells have a semicircular cross section, are made of sheet iron and 
are rubber-lined (Fig. 9). Each cell contains four aluminum cathodes, 
1420-mm. dia. and 8 mm. thick, which are placed, for easy handling, 
250 mm. apart on a steel shaft. Two lead anodes, shaped like segments 
of a circle, serve each cathode. The spacing between anode and cathode 
is 36 mm. Each cell has its own inlet and outlet for electrolyte, so that 
the concentration rates can be kept approximately constant, these being 
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at present 20 grams Cd and 140 grams free H2SO, per liter. By using 
rotating cathodes, practically sproutless deposits are obtained, which 
are removed every four days as a rule. 

The direct current required is supplied by a motor generator. The 
current density is 250 amp. per sq. m. and the cell voltage 2.65 to 2.7 volts. 

The cadmium cathodes are melted in a tilting electric crucible furnace 
under a layer of charcoal. The cadmium dross produced amounts to 
2.5 to 3 per cent of the charge. The contents of the furnace are cast by 
hand into the usual commercial shapes, pencils, cakes and slabs. 

The production of the plant corresponds to the cadmium in the flota- 
tion blende worked, and amounts to 150 to 180 tons per year. 

The precipitated residues from the leaching contain up to 25 per cent 
Cu, the average being 15 per cent. 


ReEsIDUE PLANT 


The problem of the residue plant is to work up the zinc and lead 
residues from the zinc-leaching plant into oxide, remove the chlorine and 
lead from this oxide and from the roaster-flue dusts, to remove chlorine 
from the dross, and, finally, to work these leady intermediate products 
into work lead. 

For this purpose three short rotary kilns are provided for batch treat- 
ment, as proposed by Déorschel for these and similar processes. Each is 
7650 mm. long and 2600 mm. external diameter. One furnace is used to 
remove chlorine and lead, and the other two are normally engaged in 
working up the leaching-plant residue. As necessary, lead smelting is 
done in one of the last two furnaces. 

Heating of these furnaces is by pulverized coal, which is ground on the 
spot. A movable port connects the furnace to the waste-gas flue. The 
waste gases, after leaving the furnace, first pass through a cyclone and 
then through a countercurrent gas cooler. After cooling to between 100° 
and 120° C., they enter a baghouse having mechanically shaken woolen 
bags through which the gas is filtered. The oxide recovered here is 
carried by a pneumatic conveyor to the place of further treatment. 

The daily production of leaching-plant residue, amounting to about 
25 dry tons of material containing 25 per cent Zn, 6 per cent Pb, 0.4 per 
cent Cd, 20 to 25 per cent Fe, 9 to 11 per cent total 8, 400 grams per ton 
Ag and 7 to 10 per cent moisture, is delivered to the furnace in charges 
of about 6 tons, with about 20 per cent coke breeze. After volatilization 
of the zinc and lead, the molten charge is dumped into trough-shaped 
slag cars, where the matte, containing 65 per cent Fe, 20 per cent S and 
about 1800 grams Ag per ton, is separated from the slag. The slag proper 
contains 3 to 4 per cent Zn and 40 per cent Fe. Slag and matte amount to 
about 50 per cent of the dry residues smelted. 
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YIELD OF Mrran 


The re-treatment of all the intermediate products of the plant makes 
it possible to obtain a recovery of 98 to 99 per cent of the zinc in the ore 
as slab zinc. From 90 to 95 per cent of the cadmium in the ore is recov- 
ered as electrolytic cadmium. 

Recovery as work lead of the lead that is present is now being inves- 
tigated on a commercial scale, and results indicate this to be possible with 
the existing equipment. Owing to the short period of experimentation, 
however, a detailed description is not yet possible. 

The copper in the flotation blende, which comes almost entirely from 
the flotation reagents, is concentrated up to an average of 15 per cent Cu 
in the residues from the cadmium plant. Experiments for its recovery in 
a commercial form are still under way. 

Silver is recovered in a matte, which so far has not been treated. The 
matte is sold to lead smelters, where it is used as a flux in smelting lead 
and the silver is thus recovered. 


ECONOMICS 


The power consumption in the zinc-producing operations of roasting, 
leaching, electrolysis and melting is about 3600 kw-hr. per ton of slab 
zinc. This makes up about 60 per cent of the operating cost. 

Including technical and office employees, 810 men are employed, 110 
of whom are in the sulphuric acid, cadmium and residue plants. About 
10 per cent of the workmen are always absent because of illness or holi- 
days; 30 men are engaged in the apprentice shop and 10 in welfare work. 

The cost of zinc production may be said in general to be within the 
cost limits of other electrolytic plants, in spite of the cost of electric cur- 
rent, which is relatively higher than in other countries. 


CONCLUSION 


It is obviously impossible, within the limits of this article, to go more 
fully into details of construction, or to describe all the details of operation, 
questions of materials, machinery and apparatus. All that can be given 
is a sketch of the history of the works, essential data of its design, peculiar- 
ities of the process and equipment in use, with some characteristic details 
of the operations. 

It may be said that Georg von Giesche’s Erben, by building and 
operating the Magdeburg zinc works, has again become the most impor- 
tant zinc producer in Germany. With a yearly output of 40,000 tons of 
electrolytic zinc, heretofore not produced in Germany on a commercial 
scale, it almost meets the German demand for high-grade zine. 


Electrolytic Zinc at Risdon, Tasmania 


By W. C. Snow* 


Tue plant of the Electrolytic Zine Company of Australasia Limited, 
situated at Risdon on the estuary of the River Derwent, near Hobart, 
was designed and erected primarily to produce high-grade zinc from 
zine concentrates produced by the mines of Broken Hill, N.S. W. Con- 
sequently the metallurgy of the process has been influenced in its develop- 
ment by the peculiar characteristics of the Broken Hill concentrate, 
which on treatment gives into solution relatively large amounts of cobalt, 
manganese and silica. 

The Risdon works (Fig. 1) produces high-grade electrolytic zinc, 
leaded electrolytic zinc, zine dust, cadmium, sulphuric acid and super- 
phosphate. This paper, however, is concerned only with the zinc plant 
and process. 


RoastTING 


The roasting of raw concentrate is not a major feature of Risdon’s 
process, and in this respect practice is unlike that of most zine plants. 
The roasting is mostly done on the Australian mainland at centers where 
the sulphuric acid made from the roaster gases can be used for super- 
phosphate manufacture. A small amount, approximately 40 tonst 
per day, is roasted at Risdon, acid being manufactured from the gases. 
The amount that can be roasted there is limited by the acid requirements 
of the zinc plant and of the superphosphate plant. Roasting is not 


carried to completion at the mainland plants, and the product, known | 


as preroast calcine, largely constitutes the raw material for the Risdon 
zinc plant. It contains about 6 per cent of sulphur as sulphide. Roast- 
ing is completed at Risdon for reasons that are set out later in this 
paper. 

The zine plant proper is divided into four main divisions: (1) final 
roasting division, (2) leaching and purification division, (3) electrolytic 
division, (4) melting and casting division. There are two subsidiary 
divisions—the cadmium division and the’ preroast, acid and super- 
phosphate division. 


Manuscript received at the office of the Institute Aug. 17, 1936. 
* Plant Superintendent, Electrolytic Zine Company of Australasia Ltd., Hobart, 
Tasmania. 
+ Throughout this paper the ton is 2240 Ib. and the gallon is the Imperial gallon. 
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Servicing these plants are handling and storage arrangements, power 
supply, repair shops and assay and research laboratories. Fig. 2 is a 
general plan of the works. 

Raw materials (preroast calcines, raw concentrates and phosphate 
rock) are received at the wharf front in cargoes of 4000 to 4500 tons. 

Coal comes by rail from collieries in the northeastern part of Tas- 
mania; it has a calorific value of 9,500 to 10,000 B.t.u. 

The capacity of the foreshore storage bin is approximately 20,000 tons 
of calcine. The calcine discharges onto a 3 by 8-ft. Jacques vibrating 
screen set at an angle of 35° from the horizontal. The screen mesh is 
5 by 5 in. at the upper end and }4 by 34 in. at the lower end. Oversize 
from the screen passes through a hammer-type disintegrator and back 
to the boot of the elevator. Undersize from the screen falls onto an 
18-in. belt conveyor and by means of a tripper is spread over two storage 
bins, each of 390 tons capacity. 

Dross from the melting plant and flue dust from the roasting furnaces 
are also delivered to these bins and with the preroast calcine form the 
furnace charge, which is delivered through bottom-discharge chutes 
controlled by horizontal and vertical gates onto four 18-in. belt feeders 
delivering to the top hearths of four furnaces. Fig. 3 is a plan of the 
furnace layout with connecting flues and discharge conveyors. 

The furnaces (Fig. 4) are of Risdon design and are a modification 
of the Leggo furnace as used for roasting arsenical pyrite. Each furnace 
has four superimposed hearths 85 by 8 ft., giving a total hearth area 
of 2720 sq. ft. or a rabbled area of approximately 2200 sq. ft. These 
furnaces have been in practically continuous operation since 1922 and 
no complete hearth replacements have yet been necessary. 

Each hearth of each furnace has a short flue fitted with a damper, 
connecting it with the main flue system. A 100,000-cu.ft. fan drafts 
all furnaces. The furnace charge is fed onto the top hearth through a 
hole in the arch and from this hearth to the intermediate and bottom 
hearths through openings regulated by slides. Ideally each hearth is a 
separate furnace and originally was fed separately with a screw from a 
hopper at the side of the furnace, but because of packing of material 
in the hopper and in the screws, satisfactory regulation of feed was 
impossible and the present scheme was resorted to. 

Because of inevitable air leaks around the furnace columns, the 
upper hearths tend to be hotter than the lower ones and the distribution 
of draft and feed is designed to minimize and compensate these differ- 
ences so far as possible. The object of this final roasting operation is 
fourfold: 

1. To oxidize zinc sulphide, forming zinc oxide. The preroasting 
operation, which is carried out without extraneous fuel and which is 
required to produce a gas reasonably high in sulphur dioxide content for 
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acid making, yields a preroast calcine which contains 7 to 7.5 per cent 
of total sulphur, 1 to 1.5 per cent sulphate sulphur and about 6 per cent 
sulphide sulphur. With each final roasting furnace treating 90 tons 
of charge per day, with a fuel consumption of 10 to 12 per cent of the 
weight of the charge, the sulphide sulphur is reduced to about 0.8 per cent. 

2. To eliminate chlorine. The preroast calcine produced at the 
various roasting plants is wetted to prevent dusting during handling, 
storage and transport. The water used is relatively high in chlorine. 
Since the material is sea-borne to Risdon it is liable to accidental wetting 
with sea water. The final roasting operation eliminates 92 per cent 
of the chlorine in the charge. The discharge from the furnaces contains 
0.003 per cent chlorine, which enters solution and requires special provi- 
sion for its removal; the procedure necessary is described in the section 
on purification. Dross from the melting plant, which forms part of the 
furnace charge, is rich in chlorine as a result of its treatment with ammo- 
nium chloride, and this by-product is included in the roaster charge. 
The removal of chlorine from the dross is more effectively done by 
roasting it together with a sulphide material, or in an atmosphere of 
SO», than by roasting it by itself. 

3. To eliminate moisture. The moisture in the furnace charge 
amounts to about 8000 gal. per 24 hr. The evaporation of this water, 
which otherwise would enter the zine circuit, is a useful function of this 
operation, enabling the use of a like amount in the washing of leach-plant 
residues. 

4. Control of sulphate formation. This is now a matter of minor 
importance, but in the early days of the plant was a major feature of 
the final roasting. ‘The material reaches roasting temperature by the 
time it has traversed about one-third of the length of the hearth; at the 
middle portion it is approximately 650° C. and at the discharge end 
750° to 800° C. 

The temperature is maintained by the combustion of slack coal on a 
traveling grate stoker. Each stoker (one per furnace) has a grate area of 
45 sq. ft. and burns 9 to 10 tons of Tasmanian slack coal per day. The 
coal has a thermal value of 9500 B.t.u. and contains about 24 per cent 
ash and 51 per cent fixed carbon. Ash drops into a pit under the 
end of the stoker and is removed by a drag chain conveyor serving 
the four furnaces. Each stoker has its separate blast fan delivering 
5000 to 6000 cu. ft. of air per minute. The air is preheated to 70° 
to 80° C. by being drawn through the furnace columns and from hot 
conveyor housings. 

The hot calcine discharges from the side of each furnace into a steel 
push conveyor running parallel with the side of the furnace. Each 
conveyor is 52 ft. long, with 18-in. blades spaced at 12-in. intervals, 
working at about twenty 18-in. strokes per min. These four conveyors 
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discharge into two 36-in. push conveyors. The push conveyor, but 
little known or used elsewhere, while somewhat cumbersome, has proved 
to be a satisfactory machine for conveying and cooling the hot calcine 
with a minimum of dusting. 

Delivery from the 36-in. conveyors is onto the center of an 18-ft. 
6-in. circular revolving table above which are suspended fixed blades, 
which work the material from the center to the periphery. By the time 
it reaches the table the calcine is sufficiently cooled to permit of wetting 
to prevent dusting in further handling. The wetting is done by spraying 
the calcine on the revolving table with strong wash (weak zinc) solution 
from the filters in the leaching division. 

From the periphery of the wetting-down table the moistened calcine 
drops into a conical trommel screen of 14-in. mesh, the undersize falling 
onto an 18-in. inclined belt-conveyor system delivering into a 50-ton 
storage bin in the top of the leaching building. Oversize from the screen 
is returned to the furnaces after passing through the disintegrator. 

The most serious difficulty in roasting arises from the pronounced 
tendency of the material to form hard cakes on the hearths, in the 
dead areas against the furnace walls, and on the rabble teeth. The work 
of the furnacemen is chiefly devoted to the prevention of caking by slicing 
the hearths, particularly the dead-area portions, to removing cakes 
that have formed and to keeping the rabble teeth and discharge chutes 
free of lumps and accretions. The hot half of each hearth has to be 
sliced every 24 hr., the next quarter every 48 hr., while the feed end 
requires slicing only once a week. Traveling platforms are provided 
for working the upper hearths. The furnaces with flat hearths are 
much easier for furnacemen to keep clean and hearth replacements when 
necessary will be of this type. The necessity for such frequent slicing 
is a serious disadvantage in the proper control of draft and temperature 
and is also the cause of dust and gas escaping into the furnace room, 
particularly from the pressure ends of the furnaces. To take care of 
this a dust-collecting and ventilating system is installed. The two fans of 
this system discharge their gases into a scrubbing tower where practi- 
cally complete recovery of the dust and the SOz is made, the sensible heat 
of the gases is also utilized in the concentration of weak zinc solutions. 

The tower is indicated in Fig. 3. It is irrigated with strong wash 
solution (30 to 40 grams zinc per liter) from the leaching division at the 
rate of 1200 gal. (Imperial) per minute. The effluent passes to two 
20 by 10-ft. concrete settling ponds, the overflow from which is returned 
to the top of the tower by two single-stage 6-in. bronze pumps. This 
solution quickly increases in zinc concentration, the warm gases account- 
ing for the evaporation of about 12,000 gal. of water per day. Once 
each week the tower is opened and the launders and lower splashboards 
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cleaned, and once a year the whole packing is removed and freed from 
accretions of gypsum and basic zine sulphate. 

A large excess of air is used in the furnaces and the roast is a strongly 
oxidizing one. The gas contains 0.5 to 0.75 per cent SOs, about 15 tons 
of calcine dust daily, small amounts of SO; and of chlorine probably 
in the form of ammonium chloride and zinc ammonium chloride. Over 
90 per cent of the dust is recovered by a cyclone system. All of the 
remaining dust, 80 to 90 per cent of the SO», and nearly all of the chlorine 


TaBLe 1.—Typical Metallurgical and Operating Data of Roasting Division 
AVERAGES FOR FOUR-WEEKLY PERIOD FOR YEAR 1934-35 


ASSAY, 


Perr CENT 
Tons Zinc 
Feed to furnaces: 
Preroast: calemes cia 74s... . sete eiane es ae 9074 56.4 
ZING CONCENLTALES:,, skis etciseien ee eRe ee 177 52.6 
Zine dross and flue dust.............. 267 77.4 


Total feed, 9518 = 84.97 tons per furnace per day. 


Average assay: 
Moisture, Aa, Oz. Ps, Per Zn, Per Torat 8, SuunrHatre §, Sunpuipe §, Cu, 


Per Cent PER TON CENT CENT Per Cent Perr CEenT Per Cent PER CENT 

10.3 2.3 1.6 57.3 7.53 1.27 6.26 0.042 
Discharge: 

Final roast calcines.. ..¢ oq s sg circa eee aueete un aT eee 9267 tons. 

Ae, Toran 

Oz. Ps, Zn, s, SunpHaTE SULPHIDE Cu, 
PER PER PER PER S, 8, PER 
Ton Cent Cent Crent PrrCrent PERCENT CENT 

Average assay............ 2.2 1.65 59.1 2.02 1-19 0.83 0.003 
Roasting loss............... Zine, 0.30 per cent. Stoppages: 285 furnace hours. 
Coal consumed.......\...... 1070 tons = 11.24 per cent of furnace feed. 
Cyclonerdustacndse «sic piers caught and returned to furnaces, 410 tons. 

Rabble arms: 
PUCHSR Ged em .iiecee Peiaccs o2. 

IDISGAYGGCS . Saves a cists s oe 6, equivalent to 1672 tons roasted per rabble arm. 
Rabble teeth discarded....... 117, equivalent to 81 tons roasted per rabble tooth. 
Columns changed............ 1, equivalent to 8838 tons roasted per column. 
Power consumption: Wiewen pane 

P Ton Roastep 

Furtiace driv ess: geek cath! sttaatet EN. Wad. SE 27 = 0.130 

Stoker: drives ct cates sack Et « hala cerehiors etc Sei eEME rie 6.5 = 0.034 

33.5 = 0.164 

Push’eonyeyor drives... «etccss oe ee ce tee oh “9 Se 30 = 0.156 

In cyclone and flue-system fans: 

Novi 15/50 hp tise te. No. 1A, 108 hp. No. 2, 104 hp. No. 8, 53 hp. 
A OUSI crees © iow aos 315 hp. 


In scrubber-water pumps.. 163 hp. 


—_— at 
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are removed by scrubbing with salt river water, and practically all of the 
SO; is removed by a Cottrell precipitator, which discharges to a wood- 
stave stack 120 ft. high. Twice each shift the treater is flushed with 
salt water to remove precipitated solids. 

Typical metallurgical and operating data of the roasting division 
are given in Table 1. 


LEACHING 


It is not only in the two-stage roasting that Risdon practice departs 
from that of other large electrolytic-zinc plants. In leaching, the 
common practice is the two-stage (acid and neutral) countercurrent 
continuous leach. The residues from such a leach necessarily contain 
all those acid-soluble constituents of the calcine that are precipitated 
by neutralization with excess zinc oxide such as silica, iron, arsenic and 
antimony. 

At Risdon a single-stage batch process is used and the leach is main- 
tained acid. The insoluble residue is mostly separated from the acid 
solution before the above-mentioned elements are precipitated by 
neutralization, which is effected by means of finely ground limerock 
instead of excess calcine. It is not intended to argue the relative merits 
of the two practices. These will vary with local conditions and char- 
acter of material treated. The Risdon practice was developed because 
of the presence of relatively large amounts of soluble silica in the calcine, 
which in neutral leaching caused serious difficulty in the subsequent 
filtering, washing and drying of the residue, and to an undesirable degree 
increased the bulk to be shipped a long distance to a lead smelter. 

Following is an outline of the several stages involved in leaching and 
purification of the resultant leach liquors: 

1. Leaching of calcine in spent acid solution. 

2. Classification of the leach pulp to separate granular residue. 

3. Treatment of granular residue, by grinding, flotation, and leaching 
to recover unroasted sulphides as a concentrate, and to extract additional 
soluble zinc. 

4. Thickening of the pulp from items 2 and 3 to remove slime 
residue from the bulk of the solution, and prepare a pulp suitable for 
filtering. 

5. Filtering, washing, drying and disposal of the slime residue. 

6. Preparation of ground limerock pulp, and treatment of the clari- 
fied solution from item 4 therewith to effect the more or less complete 
precipitation of iron, arsenic, antimony, silica, etc. 

7. Filtration of the limerock precipitate pulp; chemical treatment, 
and washing of the precipitate to reduce its zine and silver content, and 
finally its disposal to waste. 
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8. Precipitation by zine dust and removal from the solution of 
copper, cadmium, silver, etc. by filtration. The precipitate passes to the 
cadmium division. 
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Fig. 5.—FLOWSHEET OF LEACHING AND PURIFICATION DIVISION. 


9. Precipitation of cobalt by nitroso-beta-naphthol followed by 
filtration and. disposal of precipitate. Only 55 to 60 per cent of the 
solution is so, treated. 
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10. Precipitation of chlorine by silver sulphate followed by filtration 
and regeneration of silver sulphate. Only 6 to 7 per cent of the solution 
is so treated. 

11. Cooling and concentration of the solution by evaporation, and 
delivery to the pure solution storage of the electrolytic division. Fig. 5 
is a flow sheet of the leaching and purification division and Fig. 6 a 
general plan. 


Details of Operations 


1. Leaching is carried on in nine 12-ft. dia. 34-ft. stave Pachucas, 
having a 20-in. dia. wooden column and a 60° cone bottom. Spent 
solution is drawn from the storage tanks of the electrolytic division 
through two 8-in. lead pipe lines controlled by rubber pinchcocks. 
Calcine is weighed from a storage bin into cable-drawn hopper trucks 
of 5 tons capacity, which discharge either directly into the Pachucas 
or into reserve charge bins, of which each Pachuca has two. Agitation 
is effected by compressed air delivered from the outlet plug cock; the 
pressure of the air normally used is 30 lb. per sq. in., and during actual 
charging of calcine 90 lb. per sq. in. The working charge of a Pachuca 
is 16,000 gal. of spent solution, and from 17,000 to 20,000 lb. wet weight 
of calcine, the latter varying according to the acidity of the spent solution, 
and the grade and sulphate content of the calcine, and is altered from 
time to time to ensure that the acidity of the pulp does not fall below 
about 5 grams per liter in the first stage of leaching. The spent solution 
normally contains 50 to 55 grams per liter of zinc and 90 of sulphuric 
acid, but as the calcine does not always contain sufficient zinc sulphate 
to replenish sulphate losses from solution, the spent solution is frequently 
fortified by addition of sulphuric acid delivered by the acid plant to the 
storage tanks. The initial acidity of each Pachuca charge of spent 
solution is determined before addition of the calcine. After the calcine 
is charged leaching is continued for 114 hr.; the acidity of the pulp is 
determined and a further addition of calcine, usually 500 to 1500 Ib., 
is made, as calculated to reduce the acidity to 1.5 grams per liter. Agita- 
tion is continued a further 34 hr., the final acidity is checked and the 
pulp is discharged. Spent solution has a temperature of about 30° C. 
and the pulp in the Pachucas rises to 50 to 55°C. ‘Filling and discharging 
require 20 to 30 min., and the cycle is thus of about 314 hr. duration. 
Circuit flow is about 750,000 gal., and calcine leached 400 tons dry weight 
daily. 

2. The Pachuca pulp is discharged into a brick-lined launder leading 
to six duplex Dorr classifiers arranged in parallel. The classifiers 
are about 16 ft. long, with a slope of 1 in 6; each ladder has 39 bronze 
rakes 22 in. long and makes 10 strokes per minute; the backboard is 
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24 in. high and classification is at from 100 to 150 mesh. Owing to 
the variations in rate of flow from the discharging Pachucas, the classifiers 
are working under a difficult condition; nevertheless, the granular residue 
separated contains about 75 per cent of the sulphides in the pulp, and 
90 per cent of the unleached zinc oxide. The granular residue is conveyed 
to the flotation plant by 12-in. push conveyors, working in horizontal 
wooden troughs. The push blades are of stainless-steel sheet suspended 
on bronze hangers. The classifier overflow is joined by the tailings from 
the flotation plant and passes to Dorr thickeners. 

3. The principal equipment of the flotation plant used for the treat- 
ment of the granular residue comprises two tube mills (5 ft. dia. by 10 ft. 
and 16 ft. long, respectively), small duplex Dorr classifier, bucket eleva- 
tors, eight Minerals Separation subaeration flotation boxes (3 ft. sq. by 
4 ft.), one Forrester flotation box (10 by 4 by 4 ft.) and two sets of three- 
compartment continuous leaching boxes, one set agitated mechanically 
and the other by air. The treatment is carried out in a zine sulphate 
solution, the neutral solution used for pulp dilution, etc., being supplied 
from the by-pass liquors of the purification process. 

The granular residue contains approximately 20 to 25 per cent of 
zine oxide and 40 to 45 per cent zinc sulphide. It is ground in one of the 
tube mills, diluted with neutral solution, partly leached with a limited 
amount of spent solution, in the mechanically agitated leach box, and 
then classified at 150 to 200 mesh. Classifier oversize returns to the 
tube mill and the overflow passes to the flotation boxes. It is a necessary 
condition to successful flotation that sufficient zinc oxide remain in the 
pulp to restore neutrality and precipitate all iron present. To ensure 
rapid precipitation of the iron, manganese dioxide cell sludge in small 
quantity is ground with the granular residue. Asa promoter of flotation, 
a crude copper sulphate, made by mixing copper residue from the cad- 
mium plant with sulphuric acid, is also added to the tube-mill feed. 
The frothing agent used is eucalyptus oil, which is added to the first 
and third M. 8. boxes and to the Forrester box. A concentrate is 
taken from the first 6 or 8 M. 8. boxes, and a middling from the remainder. 
The Forrester box is used to clean the spigot product from the M. S. 
box, the froth product joining the M. S. middlings and returning to the 
first M.S. box. The tailings are leached with a small excess of spent 
solution, and flow back to the main plant to join the classifier overflow. 
The concentrate is flushed to a Dorr thickener, from which thick pulp 
is drawn to asmall Moore filter unit. The filtered concentrate is weighed 
out to the preroast division. About 35 to 40 tons of granular residue 
is treated daily for the production of up to 20 tons of concentrate, assaying 
45 to 50 per cent zinc and 20 to 23 per cent sulphide sulphur (roughly 
up to 60 to 70 per cent zine sulphide), with a sulphide recovery of 95 per 
cent. The consumption of flint pebbles is 7 to 8 lb. per ton ground, of 
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manganese dioxide sludge 90 lb. per ton, of copper 3 to 4 lb. per ton and 
of eucalyptus about 1.7 lb. per ton. 

Sludge from the ventilating system of the final roasting division and 
lead sulphate sludge from the preroast and acid divisions are added to 
the flotation tailings in the final leaching unit. 

4, Classifier overflow and flotation tailings pulp unite and flow into 
five Dorr thickeners in parallel; various by-pass and spillage liquors, 
solution returned from the cadmium division, cobalt precipitate sludge, 
etc., are also fed to these thickeners. The thickeners, 50 ft. in diameter, 
are built of 15-ft. staves, lead-lined, with a bottom of bitumen-jointed 
concrete. Four aluminum-bronze plow arms are supported at 16° 
to the horizontal by copper tie rods and a central lead-covered 4-in. steel 
shaft, making 714 revolutions per hour. Peripheral launders collect 
the overflow. 

The feed pulp contains about 30 grams per liter solids, or 1 to 44 
solids to solution by weight; the overflow solution contains about 1 gram 
per liter of solids, including, in addition to residue slimes, cobalt precipi- 
tate and uncoagulated silver chloride resulting from the reaction of 
silver sulphate in the calcine with chloride in the spent solution, neither 
of which solid settles well. The overflow gravitates in launders to the 
limerock precipitation tanks. The underflow, thickened to a 1:3 pulp, 
is raised by air lifts to thickening tanks, where it is settled and thin 
pulp is decanted back to the Dorr thickeners, leaving a 1:14 pulp 
(sp. gr. 2.0). This latter is air-agitated with limerock pulp, which 
neutralizes the solution, precipitates iron, silica, etc. and brings the 
pulp to a free filtering condition, ready for the next operation. The air 
lifts used have a submergence of 27 ft. and a net lift of 12 ft. The rising 
pipes are rubber hose; the foot piece and jet are bronze. The thickening 
tanks are fitted with hoses for decanting and with a Pachuca column, 
terminating halfway up the tank. 

5. The prepared residue pulp is filtered in a Moore vacuum filter 
unit. The filter consists of 22 leaves of 80 sq. ft. filtering area, at 
6-in. centers, and a cake about 114 in. thick is formed in 10 to 20 min. 
The cake is washed with 1.6 to 2.0 times its final water content (which 
takes 40 to 50 min.) and after a partial drying under vacuum for 15 min. 
the cake is discharged into hoppers. Each cake weighs approximately 
11 tons on discharge and contains 6 tons dry residue, which contains 
from 0.3 to 0.5 per cent water-soluble zinc and 0.2 to 0.3 per cent acid- 
soluble zinc. The output is approximately 106 tons per day. The 
filtrate passes to a receiver connected to vacuum pumps by a barometric 
leg and moisture trap, and is pumped thence to join overflow from the 
Dorr thickener. The wash filtrate or the weaker portion of it may be 
diverted to a wash-filtrate receiver, and thence to the strong wash system 
subsequently described. 
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A 25-ton electric crane is used for the movement of filter baskets. 
The filter cake is fed from the hoppers by screw feeders into three rotary 
driers, heated directly from coal fires. The drums are 44 ft. long and 
respectively 4 ft. 3in., 5 ft. 8in. and 6 ft. 6in.indiameter. The moisture 
content is reduced from 40 to 43 per cent to 18 to 20 per cent, with the 
evaporation of 50 tons water per day and a coal consumption of 111% tons. 
The fireboxes are under forced draft and burn 17 lb. of Tasmanian coal 
per hour per square foot of grate area. The waste gases have a tempera- 
ture of 200° to 300° C., and are exhausted by the natural draft of a 
stack. The dried residue discharges onto a heat-resisting rubber-belt 
conveyor, passing under the ends of the drums. A second conveyor 
delivers the residue to a bin, whence it is trucked to the wharf for ship- 
ment to the lead smelter at Port Pirie, for realization. 

Typical assays of the residue are: Zn, 21.9 per cent; Pb, 6.4; Fe, 31.1; 
Ag, 5.5 oz. per ton; Au, 0.02 oz. per ton; sulphate S, 2.33 per cent; 
sulphide 8, 1.5 per cent. 

6(a). Limerock pulp for neutralization of the solution is prepared 
from lump rock obtained from quarries at Ida Bay, southern Tasmania. 
The rock is reduced to 14 in. by a jaw crusher, 16 by 9}4 in., working 
at 200 strokes per minute, and high-speed Cornish rolls, 14-in. face and 
90 to 98 r.p.m. The latter are in closed circuit with a 14-in. mesh 
trommel fed by bucket elevator. The crushed rock is ground with 
flint pebbles in two tube mills, in series and in closed circuit with a simplex 
Dorr classifier. The mills are 4 and 5-ft. dia., respectively, by 10 ft. 
long and make 30r.p.m. The classifier is 24 in. wide, 14 ft. long with a 
slope of 3 in. per foot and 27-in. backboard; it makes 14 strokes per 
minute. It is assisted by a cone classifier 4-ft. dia. rim, 4 ft. 3 in. deep, 
34-in. spigot. A small amount of mill water is fed to the No. 1 mill 
and cone-classifier underflow is distributed between No. 2 mill feed 
and the Dorr classifier. A large flow of mill water joins the pulp running 
from No. 2 mill to the classifier. The cone-classifier overflow is settled 
to a thick pulp in 12-ft. dia. 8000-gal. tanks, overflow returning to the 
mill circuit. The settling tanks are decanted periodically, and the pulp 
is discharged to a skip in which it is hoisted to two 16,000-gal. storage 
Pachucas, each capable of holding 6 to 7 days supply of pulp. 

A fan draws dust-laden air from the rolls and elevator casings 
and delivers it to a scrubbing tower through which mill water is 
circulated. 

About 88 tons of limerock is crushed weekly; the crushing rate is 
about 2.0 tons per hour, and the grinding rate 1.6 tons per hour, flint- 
pebble consumption being 3 lb. per ton. The limerock contains 51 to 
52 per cent CaO, the pulp contains 58 to 60 per cent solids and the screen 
analysis is: +150 mesh, 4 per cent; +200 mesh, 10 per cent; —200 mesh, 


86 per cent. 
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6(b). The solution overflowing from the Dorr thickeners is neutralized 
with limerock pulp in a series of four agitation tanks of 28-ft. dia., 12-ft. 
stave. Each tank is agitated by two 9-ft. wooden impellers at 16 r.p.m., 
and by 30-lb. compressed air delivered through four copper tubes sub- 
merged 8 ft. Each tank is connected to the next of the series by four 
8-in. rubber hoses 6 ft. from the bottom. The working capacity of 
the tanks is 32,000 gal. each, but under series flow the contents decrease 
slightly from tank to tank. 

A definite charge of limerock pulp, varying with the solution acidity, 
is added at intervals to the first tank of the series. The solution in No. 3 
tank is tested at regular intervals to check the removal of iron, and, if 
incomplete, the requisite additional limerock is added. The average 
time of passage through the series is 314 hr., but the treatment should 
be complete in the third tank because the fourth is used as a storage 
for the filtration section following. 

The solution before treatment contains typically 1.5 grams per liter 
acid, 0.27 iron, and 0.8 to 1.5 silica, with arsenic and antimony in small 
amounts (As, 0.020 to 0.040 grams per liter; Sb, 0.001). Silica is reduced 
to 0.1 grams per liter or less, iron to 0.001, arsenic to 0.0001 to 0.0005 and 
antimony to 0.0001. The reaction is carried on at a temperature of 
41° to 48° C. and the limerock consumption amounts to 70 lb. per ton 
of calcine leached, or 138 lb. per ton of zine recovered in solution. The 
limerock charge amounts to considerably more than the theoretical 
requirement for precipitation of iron and neutralization of acid, owing 
to the need for the presence of some excess, and to the formation of a 
considerable quantity of basic zine sulphate. 

7. The limerock precipitate is separated from the neutral solution 
by vacuum filtration. The precipitate consists essentially of calcium 
sulphate, ferric hydrate, silica, basic zine sulphate, and the very fine 
particles of slime residue carried over from the thickeners, the latter 
containing some silver chloride; the whole amounts to 7 to 8 grams per 
liter. The thinness of this pulp, the gelatinous character of some of 
the ingredients, the large volume to be filtered, and the gains that can 
be effected by chemical treatment of the precipitate, render the common 
procedure of cake formation, washing and discharge unsatisfactory. 
Therefore a primary unit is used for the production of a large volume 
of clear filtrate, and of a thick pulp, which is subjected to further treat- 
ment in secondary and final units (Fig. 7). 

The primary unit consists of three concrete filter tanks with sloping 
bottoms, each holding a filter basket of 44 leaves of 100 sq. ft. filtering 
area each at 5-in. centers. The inlet and outlet ports of the tanks are 
operated by rubber plug valves, and are designed to permit very rapid 
filling and discharge of the tanks. Filtration is carried on for 2 to 3 hr., 
the filtrate passing to a receiver, whence it is pumped to the copper- 
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cadmium purification section. At the end of the cake-forming period, 
the cake being about 34 in. thick, unfiltered pulp is discharged and 
pumped back to storage, the cake is discharged to the secondary-unit 
agitator, the tank is refilled and filtration started again, the complete 
discharge cycle having taken 15 min. The filter rate varies between 
0.05 and 0.07 gal. per square foot per minute, and from 18 to 30 primary 
cakes are made daily. The temperature of the pulp during filtration 
is 40° to 42° C, 

The secondary and final units each consist of an agitator tank, pulp 
storage, forming, washing and discharge tanks, and a filter basket of 
36 leaves of 90 sq. ft. filter area at 6-in. centers. The agitator tanks 
are 12 by 9 by 12 ft. deep, each fitted with two impeller shafts rotating in 
opposite directions; each shaft is fitted with a 5-ft. by 15-in. wooden 
impeller at the bottom, and two 5-ft. by 8-in. impellers, respectively 
4 ft. and 8 ft. higher up. 

Pulp discharged from the primary unit is agitated with a controlled 
amount of strong wash solution (30 to 50 grams per liter zinc) until a 
smooth pulp is obtained; control of pulp density is maintained by 
measurement of relative viscosity. A small amount of hypo (sodium 
thiosulphate) solution is added to extract the silver present. The pre- 
pared pulp (temperature about 34° C.) is then filtered, washed with 
strong wash solution and discharged. The forming time is 30 to 45 min., 
cake thickness, 1/4 in.; washing time, 2 to 214 hr. and wash volume 1.0 
to 1.2 displacements; that is, 1.0 to 1.2 times the volume of liquid in 
the cake. The filtrate joins that from the primary unit. The hypo con- 
sumption is 6.5 lb. per ton of precipitate, or about 2.9 lb. per ounce of 
silver recovered, the recovery being 70 to 75 per cent. 

The discharged secondary cake is sluiced with a limited amount of 
water to the final agitator, where spent acid solution is added to leach 
most, but not all, of the basic zine sulphate present. Hydrogen-ion 
concentration is determined to guard against the delivery to the filter 
of an acid pulp; should too much acid be added, the pulp does not filter 
properly and impurities may be brought back into solution. A small 
addition of limerock will correct the effect of too much acid. Pulp 
density is controlled as for the secondary unit. The prepared pulp 
(temperature about 22° C.) is filtered, washed with 1.1 to 1.25 dis- 
placements of water and discharged. Cake thickness and times are 
as for the secondary unit. The filtrate passes to a receiver, whence it is 
pumped to the strong-wash storage tank, which supplies the solution for 
repulping the primary cake and washing the secondary cake, as well 
as for other purposes connected with control of circuit concentration. 

From five to six cakes are made daily in the secondary and final 
units, each containing about 4.8 tons of precipitate and from 10 to 11 
tons of water. The discharged final cake is sluiced with water to a vortex 
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mixer, which produces a smooth pulp; this is pumped to a 14,000-gal. 
agitator tank where it is measured and sampled before being discharged 
to waste. The discharged secondary cake contains about 8 per cent 
water-soluble zine and the final cake about 0.8 per cent. Other typical 
assays of the final precipitate are: Acid-soluble Zn, 0.8 per cent; total 
Zn, 4.8; Pb, 1.0; Fe, 6.6; CaO, 22.5; CaCOs, 2.3 to 3.0; Ag, 0.7 oz. per ton. 
The production amounts to 26 to 27 tons per day. 

8. The neutral solution from the limerock precipitate filters is 
purified of copper, cadmium, silver, etc., by addition of zinc dust. The 
operation is carried on in seven 14,000-gal. agitation tanks equipped 
with an 8-ft. by 9-in. by 9-in. wooden impeller making 22 r.p.m. The 
amount of zine dust required to precipitate the impurities is determined 
every 4 hr. by a rapid electrolytic method. Copper is normally 90 to 
120 mg. per liter and cadmium 180 to 240 mg. per liter. The zinc-dust 
charge is normally 70 to 100 per cent greater than the chemical equivalent 
of these impurities. This excess is necessary not only to complete the 
reaction in a reasonable time, but because the least aeration of pulp 
is apt to cause the cadmium precipitate to redissolve; cadmium pre- 
cipitation is complete in the agitators but a cadmium-free filtrate is 
never obtained, even with the substantial excess of zinc dust used, and 
in spite of precautions against the aeration of the solution at pump 
glands, etc. As a further guard against aeration the tanks are not 
completely discharged, about 1500 gal. being left in the bottom each time. 

The zinc-dust charge is added in two stages, 90 per cent at the begin- 
ning of agitation, and the remaining 10 per cent shortly before filtration 
commences. The agitation period is 1)4 hr. and the purification cycle, 
charging, purifying and filtering, 214 hr., the average number of charges 
being 61 per day. 

The precipitate is collected in Dehne filter presses, of which two of a 
battery of four are used simultaneously. The presses are fitted with 
plates providing 3 by 3 ft. of filter area on each side; the frames are 
either 3 in. thick, 48 per press, or 2 in. thick, 63 per press. Each plate is 
covered with woven-wire or chain-wire screens, to prevent the filter 
cloths from pressing closely against the plate surface and thus reducing 
the drainage space. The average filter rate is 0.4 gal. per square foot 
per minute; the pressure used is up to 60 lb. per square inch, obtained 
from a 6-in. two-stage centrifugal pump. The filtrate, which contains 
about 0.1 mg. per liter copper, and from 3 to 7 mg. per liter cadmium, 
is discharged into launders from which it is distributed to the remaining 
purification processes, or direct to the evaporating system. The precipi- 
tate is dried by blowing with compressed air, and is discharged into 
trucks for delivery to the cadmium division. 

9. The neutral solution contains 20 to 25 mg. per liter cobalt, whereas 
the solution for electrolysis contains only 10 mg. per liter. From 55.to 60 
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per cent of the total circuit, therefore, is purified down to 2 to 3 mg. per 
liter, and blended with the remainder to give the required concentration. 
Complete removal of cobalt is not practiced because the presence of 
excess precipitating reagent in solution has a detrimental effect on 
electrolysis. 

Solution from copper-cadmium purification is pumped as required 
to five agitator tanks similar to those already described, where the 
cobalt is precipitated by nitroso-beta-naphthol formed in the solution 
from beta-naphthol and sodium nitrite. As the first portion of the impure 
solution is being charged, the requisite amount of a caustic soda solution 
of beta-naphthol is added, with the impeller running; with so little 
solution in the tank the agitation is violent, and the curd of zinc hydrate 
and beta-naphtholate, which forms, is thoroughly broken up. When the 
charge of impure solution (13,000 gal.) is complete, a slight excess of 
sodium nitrite crystals is added, followed by sufficient spent solution 
to bring the charge to 0.1 to 0.15 grams per liter acid. The liberated 
nitric oxide reacts with beta-naphthol to produce nitroso-beta-naphthol, 
which, in turn, unites with cobalt to give a dark red precipitate. Beta- 
naphthol consumption is about 9.5 parts per part of cobalt precipitated, 
and the sodium nitrite consumption is half this amount. The precipita- 
tion takes from 1 to 144 hr. Towards the end of this period the solution 
is examined for excess reagent, and, if found, steps are taken to adjust 
the defect. When reaction is complete, the acid is neutralized by 
addition of a pulp of slacked lime (or soda ash) in excess, agitation 
being continued until the hydrogen-ion concentration, as determined by 
a Hellige comparator, is reduced to at least pH 5.4. The lime used is an 
air-classified commercial product of which nearly the whole is minus 
200 mesh. About 35 to 36 charges are made per day, the average 
precipitation of cobalt being about 94 lb. per day. 

The neutralized pulp is filtered in presses similar to those described 
above, except that most of the frames are only 114 in. thick, giving a 
filter area of 1260 sq. ft. per press, this difference being necessary because 
the precipitate filters less freely. Two presses out of four are in con- 
tinuous use, the average filter rate being about 0.16 gal. per sq. ft. per 
min. Pressure used is up to 60 lb. per sq. in., and is produced by a 
two-stage centrifugal pump. The filtrate is discharged to the evaporat- 
ing system. ‘The cobalt precipitate is repulped in a small agitator with a 
little impure solution, and is pumped to the Dorr thickeners, where the 
acid solution dissolves the zine hydrate contained in it, and most of the 
cobalt precipitate floats, and so finds its way into the limerock precipitate 
and thus to waste. 

The reagent solutions used are prepared in steel agitation tanks for 
which a supply of hot water is available. Fresh stocks of solution are 
prepared about twice a week. 
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10. Chlorine can be tolerated in the zine sulphate solution up to 
about 75 mg. per liter, and as the normal increase is only about 2 to 
216 mg. per liter per day, chloride removal from 6.5 per cent of the 
circuit serves to keep the whole solution well below the limit. After 
copper-cadmium purification, solution is charged in 11,000-gal. batches 
to two agitation tanks similar to those already described. The solution 
is brought to an acidity of 0.1 to 0.15 grams per liter by the addition of 
about 30 gal. of spent solution. The chloride content is determined, 
and sufficient silver sulphate powder added to precipitate all but 5 mg. 
per liter of the chloride. 

Agitation is continued for an hour, at the end of which time the 
precipitate is well coagulated; a check is made to ensure that there is 
still chloride in solution, and, therefore, no excess of silver. If necessary, 
further solution is added to bring about this condition. The precipitate 
is allowed to settle, and the solution, when clear, is pumped off through 
one or more of a battery of four center-feed filter presses. ‘These presses 
have recessed wooden plates and no frames, as very little precipitate 
is collected in them. Each press has 35 plates of 6 sq. ft. filter area 
apiece, and the filter rate varies from 0.6 to 0.3 gal. per sq. ft. per min. 
according to the condition of the cloth and the fullness of the press. 
Pressure is up to 35 lb. per sq. in. and is supplied by asingle-stage centrif- 
ugal pump. The filtrate, which is still acid, passes to the evaporating 
system, where it joins solution from the copper-cadmium purification 
and is neutralized by the basic zinc sulphate with which the latter solution 
is saturated. About 26 lb. of chlorine is precipitated daily. 

The silver chloride precipitate settled in the agitation tanks, or 
retained in the filter press, is collected at the conclusion of every six 
to nine charges in an 800-gal. Pachuca tank, where it is agitated with 
water acidified with sulphuric acid and zinc dust. This treatment 
produces zine chloride and a metallic silver precipitate. The pulp 
is filtered in open boxes with a false bottom covered with coir matting 
and filter twill, and connected below this to a wet vacuum pump. The 
filtrate of zinc chloride is discharged to waste. The silver precipitate 
is washed and then heated with sulphuric acid in shallow semisteel 
pans to regenerate silver sulphate. Excess acid is fumed off. The 
silver sulphate is ground in a small ball mill containing cast steel balls 
and is then ready for further use. The sulphuric acid fume is drawn off 
from the hoods of the converting pans by a fan, and is delivered to the 
Cottrell precipitator of the final roasting division. 

The silver sulphate accumulates impurities from the solution, notably 
calcium sulphate and silica. The former is kept in check by dissolution 
in the water in which the reduction of chloride is effected, and can be 
further removed as necessary by agitating the silver precipitate in fresh 
water, preferably at 40° C. Silica can be removed by leaching silver 
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chloride precipitate in a hypo solution, or by leaching silver sulphate 
in chloride-free water, followed in both cases by filtration to remove the 
residue, and precipitation of silver from the solution by means of zinc 
dust. The silver sulphate stock is normally maintained at 40 to 49 per 
cent silver—i.e., about 58 to 70 per cent pure—and the recovery of silver 
in the cycle is 97.5 to 98 per cent. 

11. The filtrates from the three purification processes are collected 
and pumped to the distributing launders of a cooling and evaporating 
tower. This tower is about 23 ft. square and 53 ft. high. The solution 
is fed to distributing launders 15 ft. below the top, and flows from them 
over horizontal 2-in. square hardwood baffles to a concrete sump at the 
base of the tower. A layer of coke is provided above the inlet channels 
to prevent loss of spray. Forced draft is provided by a fan that delivers 
about 100,000 cu. ft. of free air to the tower per minute. ‘The pressure 
at the base of the tower is 34 to 1 in. water gauge and below the cake 
layer 5g inch. 

The inlet solution has a temperature of 38° to 40° C. and the outlet 
solution of 20° to 22° C. The air is taken in at atmospheric condition, 
usually with a relative humidity of about 60 per cent, and is discharged 
at about 29° C. saturated with water vapor. The evaporation effected 
amounts to about 24 gal. per 1000 gal. of solution, or 14,000 gal. per day. 

A considerable amount of calcium sulphate and basic zine sulphate 
is deposited from the cooling solution on the baffles and tower walls and 
supports. This deposit reaches an inch or more in thickness in the 
course of six months. The baffles have to be removed, and the whole 
interior and baffles have to be cleaned twice a year. From 60 to 100 tons 
of deposit is removed on each occasion. 

The cooled solution discharges from the tower sump into a 45,000-gal. 
concrete collecting sump, from which it is pumped by two-stage 6-in. 
centrifugal pumps through one of two 10-in. steel mains to the pure-solu- 
tion storage tanks of the electrolytic division. 

It is important that the zine content of the solution for electrolysis 
should be maintained at a steady figure and to this end the circuit volume 
must be prevented from fluctuating too widely. Water enters the circuit 
chiefly as wash water at the residue and limerock precipitate filters. 
Smaller amounts enter with limerock pulp, with reagents for purification 
and as rain water in exposed storage tanks. Water leaves the circuit 
by natural evaporation from tank surfaces and by accelerated evap- 
oration in the towers described and as moisture in outgoing residues 
and products. : 

To avoid the addition of dilute solutions to the main circuit and to 
aid in keeping the desired balance, the two stages of treatment describ ed 
for limerock precipitate have been developed and a secondary ‘‘strong- 
wash”? circuit established. The volume of wash water that can be used 
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is considerably increased by using this strong wash solution for purposes 
that result in its concentration, such as wetting down hot calcine from 
the roasting plants and for irrigating the towers in which warm air from 
the ventilating systems is scrubbed. 

Most of the leaching division’s equipment is of more or less standard 
character, but there are some local features of interest. The acid solu- 
tion conveyed from the electrolytic division in 8-in. lead pipes is controlled 
at the Pachuca tanks by rubber hose closed with pinch cocks. The 
hose, 5 ft. long by 834-in. internal diameter, made of acid-resisting rub- 
ber, fits over the 8-in. lead pipe and is clamped to it. Bronze stiffening 
rings are inserted into the lead pipe to prevent collapse. Where used 
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Fig. 8.—OPERATING POSITIONS OF ‘‘CORSTORPHAN’’ PLUG COCK. 


only occasionally such pinch cocks are satisfactory, but with frequent 
use, as at the Pachuca inlets, the life of a hose is relatively short, being 
from 10 to 12 months. To reduce the liability or extent of a burst hose, 
these are reinforced with wrappings of green hide (raw hide). 

Pachuca tanks subject to severe abrasion and to the action of acid 
up to 55° C. are built of celery top pine, a rather rare local timber, which 
has proved to be superior to any other available for this purpose. These 
tanks have been in continuous use for nearly 15 years without replace- 
ment. The air columns subject to the most severe abrasion are hooped 
with copper covered with }4-in. rubber hose and have a life of 5 to 6 years. 

The outlet cock—the ‘‘Corstorphan’’-type plug cock (Fig. 8)—was 
developed at Risdon for use on the outlets of Pachuca and other tanks 
where air agitation is required. With the cock in the open position, a 
hole is drilled through the walls of both body and plug on one side, and the 
air supply is connected to the body at this point. Four distinct positions 
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of the plug relative to the body are thus created, which enable air to be 
admitted or excluded when the cock is both open and shut. 

The slightly acid leach liquors containing ferric and copper sulphates 
are highly corrosive and many types of alloys have been used in apparatus 
for handling them. One of the most resistant is an aluminum-silicon 
bronze containing 90 per cent Cu, 9 per cent Al and 1 per cent Si, but 
difficulty in getting uniformly sound castings limits its use. 

The metal saucer forming the apex of the cone in the Pachuca tank 
is a bronze of 90 per cent Cu, 10 per cent Sn, as is the outlet plug cock 
attached to it. Below the plug cock is an aluminum-silicon bronze bend 
leading into a short length of wood-stave pipe which delivers into the 
wooden launder that in turn discharges into the classifiers. Classifier 
rakes are of aluminum-silicon bronze. Push-conveyor blades are of 
Staybrite steel sheet carried by aluminum-silicon bronze hangers. Dorr- 
thickener steel shafts are lead-covered below the solution. This lead is 
to be replaced with rubber hose, as necessary. Originally thickener 
arms were of lead-covered mild steel. Failure of the lead allowed corro- 
sion of thesteel. Arms of 87.0 per cent Cu, 10 per cent Al, 3.0 per cent Fe 
also failed, but bronze of 90 per cent Cu, 10 per cent Sn has given good 
satisfaction and is now standard. Bronze spiders to which the arms are 
attached have been in service 15 years. Stays are l-in. copper rods. 

The arms are cast in sections with spigot and socket joints secured by 
cotter bolt. The rakes are integral with the arm, but as they wear are 
being replaced by detachable rakes of aluminum-silicon bronze (90 per 
cent Cu, 9 per cent Al, 1 per cent Si) which is equally resistant to corrosion 
and more resistant to abrasion. 

Lead pipes are generally used where solutions are acid. After neu- 
tralization with limerock, solutions deposit gypsum and basic zine sul- 
phate, which necessitates frequent cleaning of pipe lines. To facilitate 
this, copper pipe, which is lighter to handle and not so easily distorted, 
has largely replaced lead. After purification cast iron or mild steel 
is used. 

The framework of the leaves in the vacuum filters is composed of 
three 114-in. by 8-gauge (I.8. W.G.) copper-tube members, assembled 
with bronze fittings and supported on a wooden head beam by bronze 
bolts. ‘Two members each form one side and half the bottom, and are 
connected by a T-piece to a central outlet member. The bolts and 
outlet pipe which pass through the head beam are carefully packed with 
rubber insertion to guard against leakage of pulp into the head of the leaf 
when it is submerged. Riveted to the head beam are T-bolts, which 
support the leaf in the filter-basket frame by means of cotters; the bases 
of 'T-bolts and rivets are covered with rubber to prevent possible metallic 
connection between the leaf framework and the basket frame, a condition 
that may result in electrolytic corrosion. The bottom members of the 


WwW. Cc. SNOW 507 


frame are slotted or drilled to permit entry of filtrate, which is drawn off 
through the central outlet pipe. The latter has a special coupling at the 
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head beam to facilitate replacement of the leaf cover; it is connected to 
the basket filtrate manifold by rubber hose. Each frame has a cover of 
cotton filter cloth prepared with sewing machines. The two sides are 
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joined by vertical lines of stitching 314 in. apart, forming pockets into 
which 34-in. wooden rods are inserted to provide drainage space within 
the leaf. To fix the cover to the frame, the center pipe is uncoupled at 
the head beam and the cover is slipped over it. The cloth is then joined 
round the side and bottom members by hand stitching and after the 
wooden rods are inserted the top edges are cleated to the wooden head 
beam. The life of the copper-tube frames is upwards of five years. 
Staybrite steel-tube frames in use since 1929 show little or no deteriora- 
tion and are definitely superior to copper tube in this service. Details 
of the leaf frame and the assembly of the filter basket are illustrated in 
Figs. 9 and 10. 

The service rendered by filter cloth is a matter of importance. At 
all stages following the limerock precipitation, and up to the leaching 
Pachucas in the next replenishing cycle, the solution is saturated with 
calcium sulphate, which tends to crystallize out with decrease of tem- 
perature or increase of sulphate-ion concentration, and hence with increase 
of hydrogen-ion concentration. Deposition of calcium sulphate in the 
pores of filter cloth is general in all the filtering operations, but particu- 
larly so in the limerock-precipitate primary filters. The latter are also 
subject to the deposition of basic zinc and copper sulphate, which clogs 
the filters badly but which is readily removed by pickling in a dilute 
acid solution. 

The removal of the calcium sulphate is more difficult; simple washing 
and a vibratory process are both employed on occasion. The limerock- 
precipitate primary filters are placed in a tank of water for periods of two 
days in every five, during which all the water to be used in washing slime 
residue and limerock precipitate is first passed through the filter leaves 
in the reverse direction to the flow when filtering, or, when the water 
contains appreciable sediment, it is merely passed through the tank 
containing the filter. The filter leaves in the limerock secondary and 
final units may be stripped of their covers, which are then washed in warm 
water (calcium sulphate has maximum solubility at about 40° C.) and 
replaced on the frames. 

The vibratory method of cleaning is operated as follows: A fouled 
filter leaf is laid on a table and filled with water. The water supply must 
be sufficient to keep the leaf full in spite of what filters through the cloth 
during the cleansing process. The whole surface is then rubbed over with 
a blunt-edged tool held in an ordinary pneumatic hammer. The calcium 
sulphate is very rapidly loosened by this treatment, and the flow of water 
at once removes it. Filter-press cloths are reconditioned by tumbling 
in successive washes of warm water in a closed wooden drum contain- 
ing baffles. 

Metallurgical and operating details of the leaching division are shown 
in Table 2. 
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TaBLE 2.—Metallurgical and Operating Data of Leaching Division 
AVERAGES FOR FOUR-WEEKLY PERIODS FOR YHAR 1934-35 anv Up To Aprit 29, 1936 


Aver- 


age Year 
1934-35] 1936 to 
Apr. 29 


Pachuca Section 
Calcines leached, tons 
Preroast 


Assay: Ag, 0Z.......... 

Pb, per cent.... 

Sol. Zn, per cent. 

Zn, per cent.... 

Sol. SiOe, per 

Tot. 8, per cent. 

Sulphate §S, per 

Sulphide S, per 

COM. ciicacte sie 

Spent solution: acid, grams 

per liter 

Acid added to circuit, tons. . 

Production factors, per cent 
caleine leached: 

Granular residue 

Concentrates.... 

Slime residue 

Limerock precipitate.... 

Flotation Section 
Granular residue fed, tons... 
Assay: sulphide S, per 


Concentrates produced, tons. 
Assay: Ag, oz. per ton.. 

Pb, per cent.... 

Zn, per cent.... 

Total S, per cent 

Sulphate 8, per 


Tailings assay: 
Acid-sol. Zn, per 


Eucalyptus used, lb 
Lb. per ton granulated 
residue......-0.e-++ 

Residue Filtering Section 
Slime residue produced, tons 


Assay: Ag, 0Z....-.+--- 
Pb, per cent.... 
; Water-sol. Zn, 


per cent...... 
Acid-sol. Zn, per 


Residue Filtering Section (Con- 


tinued) 
24 904 Total S, per cent S.o2 
9,278] 10,260) Sulphate S, per 
9,302] 11,164 cent. cee cree 2.25 
2.2 2.0 Sulphide 8, per 
1.6 1.6 CON ie srrteros tet 1.07 
53.2 53.0 Residue Drying Section 
59.1 59.2 Moisture: Feed, per cent....| 43.13 
Discharge, per cent..... 19.37 
i arate 1.15 Evaporated, tons....... 1,320 
bie 2 2.63 Coal consumed, tons........ 289 
Moisture in coal, per cent...| 4.57 
1.30 1.27 |Limerock Agitation Section 
Limerock used: tons........ 314 
0.92 1.36 Lb. per ton calcines....| 76 
Assay: Fe, per cent......... 0.25 
90.1 90.8 CaO, per cent....... 50.9 
257 320 Solution entering agitators, 
grams per liter: 
HeSOPeiianiess hetae 3s 1251 
7.50 8.97 HG ciewe Fcuele nce ena ee 0.21 
3.43 4.87 Si Oe corciscejewtotsioneistelete 1.41 
27.54 | 26.60 Solution after limerock, mg. 
6.90 6.76 per liter: 
Beas. cele Soya Cisyeysetee 1.02 
697 1,001 Be SPIN Se Oe OF ae 0.11 
Limerock Precipitate Filtering 
9.70: | 12.42 Limerock precipitate, tons. . .|642 
319 544 Assay: Ag, oz. per ton...... 0.83 
11.4 8.75 Pb,-per cent......... 0.84 
6 L.6 Water-sol. Zn, per 
48.2 48.5 GEM ryeaterctayehe ele vel alien 0.97 
22.84 | 24.26 Acid-sol. Zn, percent | 0.62 
Total Zn, per cent...| 4.9 
2.51 2.28 Unconsumed CaCOs, percent] 4.15 
Hypo used, lb..........+-- 3,342 
20.33 | 21.98 Lb. per ton precipitate.| 5.2 
Purification Section 
Impure solution: 
1.23 0.65 Copper, mg. per liter...| 94 
Cadmium, mg. per liter. |208 
1.50 1.54 Zinc dust used: tons........ 35 
1,350) 1,743 Lb. per ton cathode Zn. .| 16.60 
Zinc-dust precipitate, tons... |114 
1.94 1.74 Assay: Ag, oz. per ton...... 13.55 
Pb, per cent......-.| 1.15 
2,561} 2,970 Zn, per cent..... ea5 woz. O 
6.2 5.6 Cu, per cent... ..-...- 7.35 
6.0 6.1 Cd, per cent........ 12.60 
Content in Ib. per ton cath- 
0.43 0.43 ode zinc: 
VA teenie thes ion LEB 
0.22 0.28 (Giih acsene ciao 4.0 
Cid vdatine scsi aptseas 6.8 
oiled) 21.7 
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TaBLE 2.—(Continued) 


Aver- Aver- 
Aver- age Aver- age 
age Year age Year 
1934-35|1936 to 1934-35) 1936 to 
Apr. 29 Apr. 29 
Purification Section (Continued) Purification Section (Continued) 
Cobalt removed, Ib......... 2,028] 2,636 Pure solution assays: 
Beta-naphthol used: lb..... 19,796] 25,294 Zn, grams per liter.....|113.2 {111.6 
Lb. per lb. cobalt...... 9.76 9.60 Manganese, grams per 
Sodium nitrite used, Ib...... 11,571] 14,824 liter ..3. i ses one Sees 6.3 7.9 
Caustic soda used, lb....... 6,357} 7,926 Silica, grams per liter. . 0.099} 0.101 
Limerused, lbncses:< de sueteteleres 21,734] 34,103 Cobalt, mg. per liter....} 10.0 9.9 
Soda ash used, Ib........... 8,741 Copper, mg. per liter...| 0.08 0.08 
Chlorine removed, lb....... 376 708 Cadmium, mg. perliter..| 6.67 6.1 
Silver loss: 02..........++.+.«/280 525 Chlorine, mg. per liter...| 60.4 60.9 
Oz. per lb. chlorine....| 0.75 0.74 Antimony, mg. perliter.| 0.09 0.08 
Arsenic, mg. per liter...|<0.1 |<0.1 
Iron, mg. per liter...... 1 A bes | 
Filtering Data 
Residue filters: 
Specific gravity of pulp?................ 220 
Cake-forming time, min................. 10-15 
Washing time, mumnijen iyo Rtaees cc 5 2). 12 0 35-50 
Water usedsper cakesen.cs0 smvcies ee veins 14 to 2 displacements, equal to 


1600 to 2300 gal. 
Loading per cake, lb. dry solids per sq. ft. 


Here. oak 1 RRS ee eee ee 74-8 
Life :ofbltericlothia.cen cea eae toea ee 1500 cakes = 3144 months 
Filter-cloth consumption, sq. yd. per ton 
CX CHLNOGO, ZING. 5 Ricrcxctaas ieutas era lay he ies Sis 0.0132 
Limerock Precipitate Filters Primary SECONDARY Finan 
FILTER FILTER FILTER 
Filter rate, gal. per sq. ft. per min....... 0.05-0.07 0.05-0.07 0.05-0.07 
OFIMIN SGN Ghet pecan a icc eers See Pe as 2 hr. 45 min. 30min. 
Washing timiee, 0 Sen. cau ae eee ate None 216 hr. 21% hr. 
Loading, lb. dry solids per sq. ft......... 3.3 
Ratios of cakes formed................. 4.71 1.05 1.0 
Strong wash solution used per cake, gal... 2,600 
Wash water used per cake, gal.......... 3,200 
Hypo used, lb. per ton precipitate....... 6.5 
Hypo used, lb. per oz. silver recovered.... 2.9 
Silver recovery, per cent amount origi- 
MBlly In Precipltater wc ter. «kien a oe 71 
OlotinlG.: + 4.oten a tan eee ete 1,200—1,400 cakes. 
Filter-cloth consumption, sq. yd. per ton 
Of Cathode ZING MA win, ss oe tc eee .«». 0.083 
Purification 


Filter-cloth consumption on filter presses, sq. 


yd. per ton cathode zinc..... aMort ibe ... 0.0188 
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ELECTROLYSIS 


Power is purchased from the State Hydro-Electric Commission. It 
is generated in the central highlands of the island and transmitted at 
88,000 volts to the Commission’s transformer station adjacent to the 
works. It is transmitted from this station by underground cables at 
11,000 volts three-phase 50 cycles a.c. to the company’s station, where 
it is stepped down to 440 volts for delivery to the rotary converters and 
for distribution about the works. About 4000 hp. is used at 11,000 volts 
by synchronous motors driving generators supplying direct current to 
one small cell room. The maximum demand is approximately 45,200 hp. 
and the mean load 44,200 hp., of which 39,900 hp. is used for electrolysis 
and 4300 hp. for plant motors, lighting and heating. 

The electrolytic division consists of five cell-room units with necessary 
feed and spent-solution storage tanks and cooling-water system. ‘Three 
of these units are housed in one room 482 ft. long by 124 ft. wide; the 
fourth, of similar size, in a room immediately adjoining, while the fifth 
is some distance away. This fifth unit, known locally as the ‘10-ton 
unit,” was the cell room of the first commercial experimental plant at 
Risdon and now produces 18 to 19 tons of cathode zinc per day. It is 
served by motor-generator sets with a current of 10,000 amp. at 250 volts. 
The other four units are each served by two rotary converter sets in 
parallel with a current of 12,000 amp. at 510 to 520 volts. 

Each of these units consists of 144 cells arranged in 24 cascades of 
6cellseach. Cascades are arranged in pairs with a 5-ft. walkway between 
pairs. There is a drop of 5 in. between the cells of a cascade. The 
over-all length of each cascade is 86 ft., with a space between the upper 
end and the wall of the building of 11 ft. Between the lower end of the 
cascade and the wall of the building is a floor space 27 ft. wide, on which 
are the stripping racks and trucking lines for conveying zinc cathodes to 
the melting plant. Above the center line of each cascade is a mild-steel 
beam carrying a crawl and one-ton chain block for lifting and conveying 
cathodes to and from the stripping floor. All cells of each unit are elec- 
trically in series. 

Each cell consists of a lead-lined wooden tank, the walls of which are 
built up of 4 by 1-in. creosoted planks laid on the flat and nailed and 
doweled together, alternate side and end planks running right to the 
corner. The cell rests upon a bottom of planks supported by two heavy 
wooden bearers and the porcelain insulators supporting the latter stand 
on concrete pillars. Overflow spouts are 6 in. wide. Interior cell dimen- 
sions are 15414 by 3314 by 5434 in. and the capacity is approximately 
160 cu. ft. In three units the bus bars are carried on the walkway side 
of each cell, being supported on porcelain insulators on the cell wall. 
These consist of cast copper 7.5 by 2.5 in., tapering along the length of 
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the cell as the current carried diminishes or increases, as the case may 
be (Fig. 11). In the fourth unit (of more recent construction) the bus 
bars are of rolled copper 114 in. thick and tapering in width from 163, 
to 134 in. They are supported on edge on porcelain insulators fastened 
to the side of the cell (Fig. 12). These bus bars are capable of carrying 
a current of 16,000-18,000 amperes without undue heating. 

Each cell has 34 anodes and 33 cathodes, of which the head bars rest 
on the respective bus bars on one side of the cell and on porcelain insula- 
tors on the back of the cell. The anode is a lead plate 3¢ in. thick, 23 in. 
wide and 3 ft. 714 in. long cast onto a copper head bar 114 by 3¢ in. by 


Fria. 11.—EL&cTROLYTIC CELL, WITH ELECTRODES. 


3 ft. 214 in. long. In the fourth unit this bar is 3 ft. 714 in. long to meet 
the altered bus-bar arrangement. The weight of lead in the anode is 
approximately 160 lb. The spacing between centers of anodes is 4 in. in 
three units, 334 in. in the fourth unit and 3) in. in the ‘‘10-ton unit.” 
The cell voltages corresponding to these spacings are 3.60, 3.56 and 
3.54 volts, respectively. The cathode is a rolled aluminum sheet 3¥¢ in. 
thick in the submerged portion increasing to 14 in. just below and above 
the solution line. It is 3 ft. 9 in. long by 2 ft. 1 in. wide and is submerged 
to a depth of 3 ft. 134 in. It is supported between the anodes by two 
copper bars 114 by 3¢ in. by 8 ft. 1014 in. long riveted to each side of the 
top of the sheet, one end resting on the cathode bus bar and the other on 
porcelain insulators at the back of the cell. Mild-steel lifting lugs are 
riveted between the copper bars. Each cathode has-a small groove 
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ness in the deposited zine sheet and facilitate stripping. They have been 


much more satisfactory at Risdon than wood or rubber-edge strips. 


is also grooved on the vertical edge. 
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l4 in. on one side and 3¢ in. on the other side from the vertical edges and 
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nodes and cathodes in each cell are 400 sq. ft. and 


total submerged areas of a 
445 sq. ft., respectively. 


With a current of 12,000 amp. the anode cur- 


ty 1s 


rent densi 


30 and the cathode current density 27 amp. per sq. 


ft., approximately. 
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Provision is made for four cooling coils per cell, although normally 
only three are required. Two are at each end of the cell and are of 1-in. 
lead pipe with 31 ft. of submerged length and are supported on porcelain 
insulating blocks where their ends pass over the bus bars. Two coils 
are in series; i.e., each coil in a cell is connected to the corresponding coil 
in the similar cell of the adjoining cascade. Cooling water is supplied 
from a common 18-in. wood pipe header in the basement through 6-in. 
risers and diminishing reticulation pipes. The risers are insulated from 
the header with 2-ft. lengths of rubber hose. The coils discharge into 
12 by 10-ft. launders below the floor level, which discharge into a 
24-in. wood-stave collecting pipe carrying the water to a pump sump. 
Fourteen-inch centrifugal pumps force the water through sprays for 
cooling, after which it is pumped back to the cells through the wooden 
header previously mentioned. The amount of water circulated varies 
between 300,000 and 400,000 gal. per hour according to weather condi- 
tions. There isa temperature drop of approximately 2.5° C. in the cooling 
pond and approximately 50,000 gal. per day are required for make-up. 

The prepared electrolyte is delivered from the leaching division into 
six lead-lined storage tanks each 50-ft. dia. and 12 ft. deep. From these 
it flows through lead pipe lines controlled by rubber pinch cocks to the 
cells. A 3-in. lead pipe between pairs of cascades has 1-in. connections 
to each cell of the cascade either side of it and the flow to each cell is 
controlled by means of a wooden cock. The upper cells overflow into 
the lower ones and from the last cell the overflow passes into lead-lined 
launders leading to five 50-ft. dia. lead-lined spent-solution storage tanks. 

The new feed to each cell is approximately 1200 gal. per day. At 
two-hourly intervals there is added to each cell by hand a reagent mixture 
consisting of glue, beta-naphthol and antimony. The quantity added 
is 24 mg. of glue, 10 mg. of beta-naphthol and 0.05 mg. of antimony 
per liter of new electrolyte. The acidity of the cell liquor is determined 
from time to time by titration of a sample with a standard alkali solution - 
and the feed to the cell so adjusted as to maintain an acidity of 90 grams 
H2SO, per liter. There is thus removed during electrolysis approximately 
60 grams of zinc from each liter (or 0.6 lb. per gallon) leaving a spent 
electrolyte containing 50 grams zinc and 90 grams sulphuric acid per 
liter. This is returned to the leaching division for the treatment of 
new calcine. 

The temperature of the electrolyte is maintained as nearly as possible 
at 35° C. but in very humid weather may rise to 40° C. During elec- 
trolysis the cooling coils become coated with deposits of manganese 
dioxide and gypsum, which interfere with their efficiency and they are 
periodically removed from the cell and freed from these deposits. 

The zine deposition period is 72 hr. Every third day the cathode 
sheets with their deposits of zinc are lifted out of the cell in lifts or groups 
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of eleven by means of the overhead chain block, transported to the strip- 
ping floor and lowered into the stripping rack, each cathode having a 
movable arm to itself. The stripper, with a wooden mallet and an angle 
knife of 3.5 per cent nickel steel, removes the zinc sheets starting from 
the top, and stacks them lengthwise on end on special trucks. Scrap, 
which consists of broken sheets and edgings, is loaded onto flat side- 
tipping trucks. Scrap amounts to from 3.5 to 4 per cent of the total 
zine stripped. Loaded trucks are weighed and delivered into the drying 
tunnel of the melting plant. 

The cell is not short-circuited for stripping as only one-third of the 
cathodes are removed at a time and the remainder are sufficient to carry 
the full current for this short period. Each cell yields approximately 
2150 Ib. of zine each stripping and one man strips 9 cells per day—a 
total of 8.6 tons per day. 

It is essential for satisfactory deposition and stripping of zinc that 
the surface of the aluminum cathode be kept in a clean and proper condi- 
tion. A routine of scrubbing 22 cathodes from each cascade stripped 
ensures that every cathode is scrubbed once in 27 days. In addition, any 
that through mishap are obviously in need of it are scrubbed, as required. 
Before scrubbing, the cathode is cleaned by pickling in spent electrolyte 
for 20 to 30 min. Scrubbing is done with a mechanical, rotary, steel- 
bristled brush. Prior to scrubbing the cathode surface is rubbed with 
sandstone, which with the aid of the brush imparts a roughened surface. 

The cathode is subject to corrosion and mechanical wear, but it is 
the former that determines its life. Below the solution line corrosion is 
practically negligible; above it the zone of maximum corrosion is about 
1 in. below the head bar. At the solution line it is considerably less. 
The life of a cathode 14 in. thick above the solution, as determined by 
the corrosion at the 1-in. mark, is about four years and at the solution 
line six years. The full six years of life is obtained in practice by riveting 
a protecting strip of aluminum on to each side of the cathode above the 
solution line after approximating three years service, and before the 
cathode has become seriously weakened. Many paints, varnishes and 
rubber protection devices have been tried, most of them failures and none 
so successful as the riveted aluminum strip. 

The relative merits of plain and thickened top cathodes depend on the 
comparative cost, and the value of scrap aluminum. Recently plain 
34,-in. sheets are being used. These give a life of three years. The 
aluminum consumption is 0.4 lb. per ton of cathode zinc produced. 

Anodes are not subject to much mechanical wear but they are subject 
to corrosion, and this is the chief source of the small amount of lead nor- 
mally present in electrolytic zine. The amount of lead in the deposited 
zine is not, however, necessarily proportional to the rate of corrosion of 
the anode. With lead ancdes it is more a function of anode potential 
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as effected by electrolyte composition and anode current density. Phys- 
ical destruction by corrosion does not determine the effective life of the 
anode. This is determined by an age effect on the efficiency of zinc 
deposition. When new lead anodes are put into use, they require little 
or no attention for the first six months, other than that of keeping the 
bus-bar contacts clean. They do, however, become coated with man- 
ganese dioxide and lead peroxide scale. At the end of this time they are 
lifted out singly and cleaned and, if necessary, straightened. Theunequal 
deposition of hard anode scale causes anodes to warp and at 9 to 12 months 
they are again cleaned and straightened and thereafter at increasingly 
frequent intervals. 

Coincident with this, and particularly after two years, there is a 
distinct falling off in current efficiency until at three years life this is 
1.5 to 2.5 per cent below that obtained with new anodes. That this is not 
due to more frequent short-circuiting because of warping has been proved 
by carefully controlled tests. It is evidently due to some change in the 
anode associated with age. Risdon experience is that three years is the 
maximum economic life, after which time the lead is cut from its head 
bar, remelted and cast into a new anode. 

About 62 per cent of the original weight of the anode is so recovered 
and about 21 per cent as a lead dross. The actual wastage of lead in 
service is 2.6 lb. per ton of cathode zine produced. The new lead required 
to cover wastage and dross loss is 6.2 lb. per ton of cathode zine. 

Apart from the influence of the cathode and anode, current efficiency 
is dependent on electrolyte composition, on the effectiveness of addition 
agents, on temperature, acidity and period of deposition. With the 
Risdon electrolyte, containing cobalt, current efficiencies of commercial 
interest are impossible of attainment without the use of certain addition 
agents, except possibly at very low acidity and with very short deposition 
periods, which involve uneconomic use of power and labor. With the 
use of the addition agents (glue, beta-naphthol and antimony) current 
efficiencies of 92 to 94 per cent are readily obtained over a 72-hr. deposi- 
tion period if the electrolyte is maintained at 35° C. and 90 grams per 
liter acid. Experience has shown that neither glue nor beta-naphthol 
alone in any amount is as satisfactory as the combination of the two in the 
proportions used and also that with these two agents the adverse effect 
of increased acidity and temperature is greatly reduced by the use of 
antimony. ‘The effect of increases in acidity and temperature when glue 
and beta-naphthol are used with, and without, antimony is shown in 
Table 3. Each of these addition agents is toxic if used in excessive 
amounts. The purified solution normally contains 0.08 mg. of antimony 
per liter and the addition is designed to increase this to 0.13 mg. This 
experience does not necessarily hold for electrolytes differing widely from 
Risdon’s, particularly in regard to the cobalt content. 
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TaBLE 3.—Effect of Acidity and Temperature on Current Efficiency 


Current Efficiency Loss ,Per Cent 


Acidity, Grams per Liter | Temperature, Deg. C. 


With 0.05 ue per Liter Without Sb 
90 35 
90 40 Py idl 3.6 
100 35 aa a 
100 40 4.2 7.5 


While 72 hr. is the normal stripping period, there have been times in 
the past when 48-hr. periods were resorted to for short periods in order to 
maintain good current efficiencies. The current efficiency drop with time 
is not constant, but is much greater with ‘‘bad”’ than with “good” solu- 
tions. With normal conditions the difference in current efficiency 
between a 48-hr. and 72-hr. deposit is about 0.75 per cent. There has 
been no departure from the 72-hr. period since the use of the addition 
agents described. Current efficiencies of closely controlled experimental 
cells for varying deposition periods are: 12 hr., 95.7 per cent; 24 hr, 
95.3; 48 hr., 94.9; 72 hr., 94.0; 96 hr., 93.1. 

During electrolysis manganese is oxidized at the anode and precipi- 
tated as manganese dioxide. This for a considerable time has just about 
equaled the amount entering the solutions during leaching, and the man- 
ganese content of the electrolyte has remained fairly constant. New 
anodes are more active in this respect than old ones, but on the average 
about 0.6 grams of manganese is precipitated from each liter of elec- 
trolyte. This, together with gypsum, accumulates in the cell and 
necessitates cleaning every six to eight weeks. To do this the cell is 
short-circuited by bolting a copper block across the bus bars and enough 
of the electrodes are removed from the cell to enable the sludge to be 
shoveled into a container carried by the chain block. Approximately 
5 tons of sludge is removed per day of which the following is a typical 
analysis: Zn, 4.3 per cent; Mn, 39.8 per cent; Pb, 3.55 per cent. 

Apart from the corrosion of anodes and cathodes already discussed, 
there is no serious corrosion in the cell or building structure. Lead linings 
of cells are subject to a slight amount of corrosion and to accidental dam- 
age, but out of 432 cells in continuous service since 1922 only 125 have had 
to be relined and in no instance has the timber structure required renewal. 
Considerable trouble was experienced with some of the first cells built of 
untreated timber, as borers from the timber perforated the lead lining. 
Treatment of the timber in hot creosote before construction of the cell 
completely eliminated this difficulty. Trouble was also experienced with 
bulging of the side walls of the cell. This was rectified by supporting the 
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walls with vertical channel irons (6 by 3% in.) held by a heavy lead-cov- 
ered bolt running through the cell just below the bottom of the electrodes. 


TaBLE 4.—Analysis of Pure Solution 


pe ee nP mip 
REE, A AN OL 109.6 |Calcium..................-. wees 
Mangas)... ch as an 6.5 Magnesium The Tae erator CEe es 3.05 
Sodium 7.-..6-30 8b eet 17.35 
POtasslu. {2 hc.c a o eee 1.33 
Mg. per Liter/Sulphate (SO,4)....... 224.1 
Cobaltstiaanactiats ame & 10.2 Mg. per Liter 
Cop petins 1. cus doatahuada ese 0A —————————— 
CAG ie oa oars wie ite a 4.6 {Phosphate (PO,)............ Trace 
Silica meaiiel efelanceer ites; sue) ste) eieheise ieiet 101 ALIEN a ne ee eee 0.3 
Total chlorine...............| 189 LNs Naa ia ee Se 0.08 
Chloride chlorine............| 64 Bisnuth a. Bs, SRR <0.01 
Chlorate chlorine............ Nil, puiNiokeliis tccasaid) . edits Not found 
Perchlorate chlorine......... 15 Ble] Gn ttn 2 2 cease. San Almas Not found 
BEGOUNG (20 peers ye heat eee 19 POLSON ec ta cile ie ae Not found 
ATBGIIO vain angie ¢ #0 25s «Denar PLR G LT ete eee op cn x Not found 
Antimony...............4+. OPED Silver areere es coe te coer eae 0.032 
Total nitrogen.............. 327 Solids in suspension.......... 118 
Nitrogen as ammonia........ 321 Specific gravity............. 12331 
Tas LE 5.—Data on Electrolysis 
Total cathode zine deposited, 5,674 tons 
Units 10-ron Toran or 
1-4 Unit AVERAGE 
Power data 
AVOLAPOICUTTODL HOW. AID ccs. i-. «dee cen cise aee Wao 11,962 9,800 
Average current density, amp. per sq. ft........... 26.7 26.7 26 7 
AVETAge VOlLAGE POY UNIU.. vee. arc te ee tee 517 255 
Average dios power, hp ..o. sey JT eee Peat 33,152 3,849 36,501 
Average: H-Taa.cfpower bp ise ton Hltontia te 35,917 3,980 39,847 
Average converting and transmission efficiency, per cent. 
ROLBTY CONVOLLOTS: 2... .Win ees taroc a mininy enue eee 92.3 
WIOLOL PEUCLALOIS omelet tinaiitenate screenees 85.2 
Overall rercr eee rece tres cer tee ate 91.6 
Average current efficiency, per cent...........c ccc cece cece eceeceuevs 92.8 
Average cathode zinc deposited per hp-day, d.c. power, lb.............. 12.44 
Average cathode zinc deposited per hp-day, H.T. a.c. power: 
MOI tO Nha a ake oe ee a eee 11.46 
Ey RGN. Unt, 1D vst xo aysas asta n Sawin care eee eee at tes eee 10.80 
OveFall fbeititasecsccteceseue tier ie tote eee 11.39 
Glue used, 4,931 lb. = 0.87 Ib. per ton cathode zinc 


Beta-naphthol used, 2,002 lb. = 0.35 lb. per ton cathode zinc 
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Table 4 gives a fairly detailed analysis of the pure solution taken in 
June, 1935. 

The data in Table 5 are averages per four-weekly period for 11 periods 
to April 29, 1936. 


MELTING AND CASTING 


The melting of cathode zinc with high recovery of clean molten zinc is 
difficult because of its marked tendency to form dross. This is an inher- 
ent characteristic of cathode zinc, and is responsible for the greater part 
of the dross formed. ' 

Under similar conditions of melting in a coal-fired reverberatory fur- 
nace cast zine can be remelted with the formation of 1 per cent or less of 
dross while cathodes may give an initial dross formation of from 6 to 
17 per cent according to their nature. Their nature in this respect 
appears to be dependent on the type of electrolyte from which they are 
produced. For instance, cathodes produced from a cobalt-free solution 
containing no glue melt with an initial dross formation of about 7 per cent 
while those produced with the aid of glue from cobalt-bearing solutions, 
as at Risdon, form about 13 per cent of dross. Cathodes produced from 
solutions containing 80 mg. of cobalt and 80 mg. of glue per liter, as at 
Risdon prior to 1929, gave an initial dross formation of up to 17 per cent. 

The dross consists of a mixture of zinc oxide and metallic zinc, the 
metallic portion being in the form of small globules. Each globule appar- 
ently is insulated from its neighbor by a film of oxide. By suitable 
treatment of the dross while hot most of the metallic portion is recovered 
as molten zinc, while a further portion is recovered by screening the cooled 
dross. By these means a melting efficiency of about 96 per cent is 
finally obtained. 

The general plan of the melting plant is shown in Fig. 13. There are 
two hand-fired reverberatory furnaces for melting cathodes, each 21 ft. 
wide and 39 ft. long, including fireboxes. The crucibles are 16 ft. wide 
and 18 ft. long. The crucible depth is 48 in. under the charging slots near 
the firebox end. The capacity when full is approximately 180 tons of 
molten zine (Fig. 14). 

The furnaces are lined internally with firebrick. The crucible of No. 1 
is held in a riveted mild-steel jacket resting on concrete piers and is thus 
air-cooled underneath. The other one (the first furnace built) was origi- 
nally constructed on a solid concrete base without a steel jacket, but 
serious leaking necessitated thickening the walls with concrete and steel- 
jacketing them on the sides and ends of the crucibles. 

The roof of each furnace is flat. It is constructed of specially shaped 
firebricks held in cast-iron frames supported by the side walls of the fur- 
nace and by a heavy steel beam above the center line of the crucible. 
There are two cast-iron charging holes or slots, one on either side of the 


520 ELECTROLYTIC ZINC AT RISDON, TASMANIA 


center line of the furnace near the firebox end. These openings are 2 ft. 
6 in. long and 6 in. wide, their length being at right angles to the center line 
of the furnace. The tapping spouts are on one side of the crucible near 
the flue end and the main taphole is 6 in. below the surface of the metal 
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Fig. 13.—GENERAL PLAN OF MELTING PLANT. 
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when the crucible is full. A series of lower tapholes is provided for empty- 
ing the crucible, if necessary. The tapholes of the two furnaces face 
each other. 

In the other, or outer, side wall of the furnace are two drossing doors 
3 ft. by 18 in. set just above liquid level. Drossing is done by heavy 
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counterbalanced rakes suspended by crawls from steel beams at right 
angles to the furnaces. The firebox has a grate area of 146 ft. divided 
into two sections, and is equipped with forced draft. 
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The fire gases enter the crucible through two fire channels inclined 
downward toward the crucible and leave it by two horizontal flues of 
rectangular section, which enter a common brick flue along the back of 
he furnaces. This brick flue is approximately 6 2 ft. long and terminates 
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in a mild-steel flue 1040 ft. long leading to a baghouse. The brick flue 
and a portion of the mild-steel flue are housed in a building 271 ft. long 
and varying from 10 ft. 6 in. to 8 ft. 6in. wide. The walls are of brick and 
the roof of galvanized iron. 

Above the flues are two 2-in. gauge tracks sloping toward the furnaces 
at an inclination of 1 in 60. These tracks carry trucks loaded with zine 
cathodes from the cell room, which are dried by the heat from the flues 
before reaching the furnaces. About 6 to 8 hr. drying time is allowed. 
A track from the drying tunnel passes over the charging floor on the top 
of the furnaces within easy reach of the charge holes. The operating 
procedure is as follows: 

The furnace is fired strongly to heat the metal in the crucible to the 
desired temperature of about 500° C., any dross from previous operations 
having first been removed so as to facilitate heat transfer. During this 
heating period about 12 tons of cathodes, including about 3.5 to 4 per cent 
of scrap zinc, are withdrawn from the drying tunnel and held convenient 
to the furnace to be charged. The scrap zinc is tipped onto the charge 
floor for further drying. 

When the furnace is ready to be charged the blast is cut off, the scrap 
zinc is shoveled in and the cathode sheets are lifted by hand from the 
truck and dropped vertically on end into the crucible. The depth of 
metal (48 in.) is sufficient to permit complete submergence of the sheet 
without undue abrasion of the crucible bottom. The charging operation 
takes about 30 min. and during this time the temperature of the bath 
drops to 440° or 450° C. 

The fire, which has by now burned low, is raked out and a new fire 
started and the dross, which is in a mushy state, is warmed up for a few 
minutes. Ammonium chloride, equal to 1.75 lb. per ton of zine charged, 
is now shoveled in through the two drossing doors and immediately stirred 
into the dross by means of the counterbalanced drossing rakes. Stirring 
is continued for 10 to 15 min., until the dross becomes red and sandy; then 
it is drawn out of the crucible into mild-steel side-tipping trucks and taken | 
to the dross mill for further treatment. 

While these operations are under way at one furnace, the other is being 
heated. Each furnace is charged and drossed three times per 8-hr. shift. 
One shift per week is devoted to chipping dross accretions from the roof 
and side walls of the crucible. 

The dross from the melting furnaces is charged into the dross mill, 
which is heated and rotated. The zinc liquates out and is tapped. The 
dry dross is dumped and sent to the dross-screening plant for further 
treatment. The mill is enclosed in a mild-steel housing with doors for the 
entry of dross trucks at the mill level. Below the mill are mild-steel 
hoppers and trucks for receiving the mill discharge, also enclosed in the 
steel housing. The housing is connected by a flue to a fan that delivers 
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dust and fume to one section of the baghouse. This fan also draws dust 
and fume from hoods over the drossing doors of each furnace. 

The molten zinc recovered at the dross mill runs into a small furnace, 
from which it is tapped at intervals and cast into standard molds. 

The result of the ammonium chloride treatment and of the tumbling 
in the mill is apparently to destroy or disrupt the films of oxide that 
insulate the globules of zinc from each other and to aid the coalescing 
of these particles into pools of liquid zinc. The action is not complete, 
but about 65 per cent of the original weight of dross is recovered as metal 
in this operation. The treated dross still contains metal that is recover- 
able by screening and disintegrating. The dross-screening equipment 
consists of a vibrating screen in closed circuit with a hammer mill and 
elevator. The vibrating screen is fitted with two screens, the upper one 
of heavy wire and 14-in. mesh serving to protect the lower one from abra- 
sion by the heavier particles of zine and dross. The under screen has 
16 meshes to the inch and the wire is 21 gauge, the screen aperature being 
0.0275 in. square. 

The cooled dross is tipped onto the screen through a 1-in. grizzly 
and is treated in batches. The undersize from the screen falls into a push 
conveyor, where it is wet by sprays to prevent dusting and is delivered 
into trucks for transport to the feed bins of the final roasting furnace. 
The oversize from both screens passes to a hammer mill, where dross par- 
ticles are broken, and then by means of the elevator back to the head of 
the screen. The material is circulated until practically all dross particles 
are broken and removed, leaving clean prill metal, which is finally dis- 
charged into trucks and returned to the melting furnaces. This amounts 
to 1.5 to 2 tons per day, equivalent to 0.75 to 1.0 per cent of the weight of 
cathodes melted. 

The screen and elevator are connected to a fan, which delivers dust 
into the baghouse. The baghouse is divided into two sections, one of 
96 bags in 8 rows of 12 receives the flue gases from the furnaces, while 
the other of 48 bags in 4 rows of 12 receives the gases from the dross hoods, 
dross-mill housing and dross-screening plant. The bags are of flannel, 
each 30 ft. long, with 150 sq. ft. of filtering area. The bottoms of the 
bags open into a mild-steel hopper fitted with ascrew. There is one hop- 
per for each double row of bags. 

The flue from the furnaces is sufficiently long to allow the gas to cool 
to below 110° C. before entering the first section of bags. The volume 
is 30,000 cu. ft. per minute and the filtering rate about 2.1 cu. ft. per 
minute per square foot of bag area. The bags are shaken by hand twice 
each shift. The pressure before shaking rises to about 2.5 in. water 
gauge and drops to 0.5 in. after shaking. The material caught is a black 
mixture of unburned carbon and zinc oxide carrying 42 per cent zinc and 
amounting to 750 lb. per day. The gas to the other section is relatively 


524 ELECTROLYTIC ZINC AT RISDON, TASMANIA 


cool and amounts to 11,000 cu. ft. per minute. The filtering rate is 1.5 cu. 
ft. per minute per square foot bag area. The pressures before and after 
shaking are 1.5 and 0.5 in. water gauge, respectively. About 5000 lb. of 
dust is caught per day, with a zinc content of 75 per cent. The chlorine 
content of the mixed dust is approximately 1.8 per cent. 

Once a day the hoppers are emptied by means of the screws, which 
deliver into a small bin or hopper from which the dust is conveyed pneu- 
matically to the combustion chambers of the final roasting furnaces, where 
the carbon is burnt and the chlorine eliminated. ' 

Zine is tapped from the crucible into a cast-iron pouring pot of about 
600-Ib. capacity, the taphole being stopped with clay when the pot is 


Fia. 15.—Mo.p BENcH. 


full. The pot is held by a chain block to a crawl on an overhead runway 
leading to the mold bench. One pot and runway serves each furnace and 
one side of the mold bench. One pot fills 10 molds. 

The mold bench for high-grade zine consists of two parallel rows of 
30moldseach. The molds are pivoted on a shaft and are tipped by hand 
in batches of five (Fig. 15). The molds are 187 in. long, 914 in. wide 
and 19g in. deep. They are fluted on the under side to facilitate cooling, 
which is further assisted by a blast of low-pressure air (0.75 lb. per sq. in.) 
at the rate of about 50 cu. ft. per minute per mold. 

As the molds are filled they are skimmed with a mild-steel rake to 
remove scum, and when the zinc has solidified, which takes from 3 to 
5min., they are tipped. The slabs fall onto a chain conveyor underneath. 
The chain conveyors from each line of molds deliver the slabs down mild- 
steel slides to a common roller conveyor feeding a timing wheel, or 
spacer, which lifts the slabs and places them between spurs on a chain 
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conveyor 550 ft. long, leading down to the foreshore. They are taken 
from the conveyor by hand, inspected, and stacked in two heaps of 
60 slabs each (20 high, 3 base) on a steel truck, weighed and put into 
storage or taken to the wharf for shipment. 

On the wharf each stack is lifted by a chain block and a special cage to 
fit the stack, deposited on a stacking frame and is ready for lifting into 
ships’ holds by means of a cage specially designed to take two stacks. 
These are handled by the wharf cranes. 

A portion of the zinc is sold as leaded zine containing 0.85 to 1.0 per 
cent lead, which is added to molten zinc in a mixing furnace of the rever- 
beratory type. The dissolution of the lead in the zinc is assisted by 
agitation with air. Samples of zinc are taken from this furnace three 
times per shift and the lead content determined within 30 min., and on 
these results any necessary adjustments of the lead addition are 
made. 

Temperature variations in this furnace are undesirable, because when 
the temperature drops the lead content of the zinc drops and when the 
temperature rises the separated lead is apt to be picked up in excessive 
quantity. The safe working range is from 460° to 480° C. 

The metal from this furnace is tapped in a manner similar to that 
. used with the larger furnaces, and is poured into molds of a distinctive 
shape. The slabs are delivered to the wharf in the same manner as the 
high-grade metal. 

A small amount of dross forms in this furnace and is drawn off and 
screened by itself in the dross-screening plant. The metal prills recovered 
are melted in the leaded zinc furnace, so as to avoid contamination of the 
high-grade zinc with lead. Zinc at the temperature of casting has a 
corrosive action on pots and molds. 

Pots are protected by washing them with a slurry of borax and fire 
clay and drying over a fire before using. Thisisdoneeachshift. The life 
of a pot varies from a few weeks to a few months, but is usually three to 
four months. ‘The place of failure is the area struck by the zine flowing 
from the taphole spout. 

Molds for high-grade zine are good for approximately 1000 tons each 
and those used for casting leaded zine for about 500 tons each. 

Zine dust, chiefly required for purification of zinc solution, is manu- 
factured and a certain portion of it is sold. Defective slabs and zinc 
from the dross mill are used for this purpose. The slabs are melted in a 
small hand-fired reverberatory furnace holding about 12 tons. Zine is 
tapped from this furnace into cast-iron pots and then transferred to two 
eraphite crucibles, holding about 1000 Ib. each, heated with a coal fire. 
The zinc runs from these through a 1g-in. orifice in the bottom and is 
disintegrated by means of a horizontally directed jet of warm dry air at 
190 to 200 lb. pressure. 
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The dust is collected in a settling chamber, withdrawn by means of a 
screw conveyor to a belt conveyor rising above two trommels, one over 
each of two storage hoppers. From these the dust is taken in side-tipping 
trucks to the leaching division as required. The settling chamber and 
trommels are connected to an exhaust fan, which delivers the dust-laden 
air through a modified cyclone to a baghouse provided with calico filter 
bags. The blowing rate is 400 to 450 lb. zine per hour per pot and the 
temperature in the blowing pots is held at approximately 500° C. The 
coarse dust used in purification is of 50 per cent minus 200-mesh, while 
the dust collected in the baghouse is of 95 to 97 per cent minus 400-mesh. 
The latter product is sold to cyanide plants for gold precipitation. 


TaBLE 6.—Melting Data 
AVERAGES PER FouR-WEEKLY PERIOD FoR 11 Periops To AprRit 29, 1936 


High-grade] Leaded-zinc High-grade| Leaded-zine 
Section Section Section Section 
Cathode zine melted, Metal in dross and 
CONST rae 5,673 baghouse dust, per 
Proportion of scrap cent of feed...... 3.95 1.23 
therein, per cent: . 3.84 Unaccounted _ loss, 
High-grade zinc pro- per cent of feed... 0.08 0.07 
duced, tons...... 5,444 Coal consumed: tons| 505 50 
Molten zine from Per cent of feed. 8.91 2.59 
high-grade _sec- Ammonium chloride 
LiOntONS eee 1,908 used yl bake tek oes 10,212 582 
Lead used, tons..... 17 Lb. per ton feed 1.80 0.30 
Leaded zine  pro- nr 
duced, tons...... 1,900 diay ges Leaded 
Dross and baghouse Per Cent Per Cant 
dust produced, 2 | 
PONSA ws Secrecy ast 288 30 Average analysis of 
Assay of dross and products: 
baghouse dust, per pS 99.9760 | 99.0824 
cent: ET 6 ee 0.0148 | 0.9070 
WANG Frees ae tots: 77.9 78.0 Copper.:...... 0.0008 | 0.0008 
Lead.......... 1.9 Cadmium...... 0.0072 | 0.0072 
Metal recovery, per Trond lei ee: 0.0012 | 0.0026 
OnntAlivs Go wack 95 .97 98.70 Arsenic........ <0.00001) <0 .00001 
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Electrolytic Zinc Plant of the Sullivan Mining Company 
By W. G. Wootr,* Mempsr A.I.M.E., anp E. R. CRUTCHER} 


Tue electrolytic zinc plant of the Sullivan Mining Co. is in Govern- 
ment Gulch, at Silver King, Shoshone County, Idaho, in the Coeur 
d’Alene mining district, about one mile from the Bunker Hill smelter 
and about three miles from Kellogg. The Sullivan Mining Co., which 
owns both the zinc plant and the Star mine, is itself owned jointly by 
the Bunker Hill & Sullivan Mining & Concentrating Co. and the Hecla 
Mining Company. 

The Tainton high-density, high-acid process is used at this plant, 
therefore some parts of its flowsheet differ markedly from those of electro- 
lytic plants using the low-density process. While it is a custom plant 
and has treated a variety of zinc concentrates originating from various 
sources in a number of states, it has obtained its main supply of zine 
concentrates chiefly from the zinc-bearing ores of the Coeur d’Alene 
mining district, of which the principal important sources jhave been 
the Bunker Hill and Star mines. Thus the main feed has been zinc 
concentrates obtained from complex lead-zinc-silver ores. For the year 
of 1935 the concentrates had the following composition: water, 9.5 per 
cent; Zn, 50.6; Pb, 3.3; Fe, 9.4; S, 31.0; Cu, 0.2; insoluble, 2.9. 


FLOWSHEET 


The concentrates are delivered to the plant in railroad cars, which 
discharge into storage bins directly under the track. Bottom-dump cars 
are dropped directly into the bins while a slip scraper, pulled by an air 
tugger hoist, is used to empty box cars. There are five storage bins for 
concentrates, each of approximately 300 tons capacity. At the bottom 
of each bin there are individual belt feeders that discharge onto a common 
conveyor belt, which in turn discharges to another belt that carries the 
concentrate onto a weightometer belt for weighing. Immediately after 
the weighing, the crushed oversize return from the roasters is added to the 
load on the belt and then the ground-up sweepings, lumps and roaster 
cleanings. An electromagnet at the end of this conveyor removes tramp 
iron from the feed. The belt discharges to a set of 30 by 12-in. rolls, 
which break up lumps or frozen chunks of concentrate, etc. Beneath the 
rolls there is a screw conveyor, which conveys the roll discharge to a 
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bucket elevator into which a separate screw conveyor feeds flue dust 
and Cottrell dust. 

The elevator raises the feed to the tripper floor, where a conveyor with 
tripper distributes the feed to any one of five roaster-feed bins, one for 
each roaster. The feed bins have a capacity of about 25 tons each, 
sufficient for somewhat more than 12-hr. supply for each furnace. 

The five roasters installed at the plant are 25-ft. dia. Wedge roasters 
with seven hearths below the drier hearth. Feed is supplied to the 
furnace by scrapers attached to the rabble arms, which scrape the con- 
centrate off a shelf comprising the bottom of the feed bin. A more or 
less constant feed is fed to the furnace at each revolution of the arms and 
this amount may be increased or decreased by adjusting the length of 
the scrapers. At full plant capacity, normally four roasters are operated 
at one time, the fifth being held as a stand-by. 

Each of the hearths on the roaster has two air-cooled rabble arms and 
on hearths 3, 4, 5 and 6 there are also two air arms, which distribute the 
air that has been used to cool the rabble arms, and which has itself thus 
become heated. An arrangement of valves permits the preheated air 
from the rabble arms on hearth 6, for example, to be distributed over 
hearth 5 through a series of 34-in. holes along the entire length of the air 
arms. The air can only be distributed on the hearth next above the 
one on which it was used to cool the rabble arm; thus, air from hearth 5 
can be distributed on hearth 4, ete. If desired, any portion or all of the 
cooling air may be released to the atmosphere instead of being used 
in the furnaces. 

Air to cool the rabble arms is supplied by a blower from each furnace, 
direct-connected to a 15-hp. motor, and draws air from outside of the 
building. 

Each roaster is driven by a 10-hp. motor belted to a gear-reduction 
unit, connected through a pinion and ring gear to the central shaft, 
which in turn carries the rabble arms and the air arms. In the couplings 
between gear reduction and the pinion, two shearing pins are used as a 
safety in case the shaft becomes stalled. 

Each roaster is equipped with two Mahr-type oil burners on the bot- 
tom hearth. Portable burners may be placed at need on any hearth. 
This is particularly necessary when warming up a furnace at the time of 
starting. For every two Mahr burners there is a fan, direct-connected 
to a 7!4-hp. motor, which supplies the air needed for the Mahr burners. 
Fuel oil of about 29° Bé. is used. 

The roasted calcine is discharged at the periphery of the bottom 
hearth through a chute to a Jacoby conveyor. In the chute there is a 
grizzly which removes any lumps of calcine too coarse to be carried 
through the conveyor. The chutes also have a by-pass, which permits 
improperly roasted calcine to be dropped on the floor and eventually 
returned to the roaster feed. 
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The Jacoby conveyor is a cast-iron tube, 14 in. in diameter, mounted 
on tires which in turn ride on trunnions. Inside this tube and cast 
integral with it, there is a helical screw. The entire conveyor is rotated 
and thus the calcine that has been dropped into the tube is carried along 
it by means of the screw, and in traveling through about 150 ft. of con- 
veyor is cooled from approximately 400° C. to about 100° C. Since the 
proper design of roller was developed and installed for use in this con- 
veyor there has been very little upkeep cost in connection with it and its 
operation has been most satisfactory. 

The calcine discharged by the Jacoby conveyor is elevated by a bucket 
elevator to a calcine storage bin, from which it is drawn as needed and 
elevated to pass a vibrating screen of about 8 mesh. The oversize from 
the screen is crushed and returned to the roaster feed, as previously 
described. The undersize is conveyed by screw conveyors to the five 
main calcine storage bins, from which it is drawn to the leach weigh 
hoppers, as required. Each calcine-storage bin has a capacity of approxi- 
mately 170 tons. 

Roaster gas from the Wedge roasters is discharged through two uptakes 
connected to the top hearth on each roaster. The uptakes are provided 
with clean-out doors to allow for the removal of accumulated dust and 
accretions. From the uptakes the gas enters a balloon flue about 
1100 ft. long, which connects the roaster building proper with the Cottrell 
treater plant. The Cottrell treater and stack are on a hill about 400 ft. 
above the roaster building. At intervals throughout the length of the 
flue are dust gates through which any material settling out is drawn into 
cars and returned to the roasting plant for re-treatment. The solids 
that are too fine to settle out in the flue are recovered in a plate and wire- 
type Cottrell treater. From the treater, gases enter the base of the 
stack, which is 14 ft. in diameter and 250 ft. high. With a few exceptions, 
extremely good clearance of the stack is maintained at all times. 

The flue dust recovered has averaged about 10 per cent of the raw 
concentrate; Cottrell dust about 4 per cent. However, as the milling 
practice has trended toward finer grinding, a zinc concentrate of finer 
mesh has been produced, so that the percentage of roaster flue dust has 
been increasing. The flue dust, and more particularly the Cottrell dust, 
are difficult to handle, as at times they flow very much like water and 
thus rush out through a small opening in any type of feeder. 

Samples of flue dust and Cottrell dust have given the following range 
of assays: 


Actp- WATER- 
SOLUBLE SOLUBLE Iron, 
ZN, Zinc, ZINC, Par SuLPHUR, 
Par Cent Per Cent PerCent Crnt Perr CEnt 
FESIRT OR CUULS tipecnsuntsh coker cassie oes ue Toba Tn 0 he 43-49 25-40 7-12 6-9 1-12 
Cottrell dust...... fost oeeNh como webaos 20-45 15-25 9-20 2-7 2-12 


All flue and Cottrell dust is returned to the roasters. 
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The main object of the roasting operation, of course, is to render 
soluble as much as possible of the zinc in the returned sulphuric acid 
electrolyte, which is used for leaching. Since a dead roast can be 
obtained only by an increased degree of heat, which in turn increases 
formation of ferrites, and since any sulphide sulphur left in the calcine 
will tie up approximately twice its weight of zinc, the most efficient roast 
demands rather a nice balance between sulphide sulphur left in the calcine 
and ferrite produced in the calcine. Another factor that enters into the 
roasting operation involves the necessary replacement of soluble-sulphate 
losses from the plant in leach residues, purification residues and other 
unavoidable solution losses. These must be replaced by the formation 
of zine sulphate in the calcine during the roasting operation. It is 
therefore necessary to roast to a low-sulphide sulphur, to a sufficiently 
high water-soluble zinc, and to as low a ferrite formation as possible. 
In order to avoid formation of ferrite, a maximum temperature of 
750° C. on any floor has been set. Individual roasters in this plant have 
at times handled as much as 65 wet tons of concentrate per furnace for 
24 hr., and we have also kept the furnaces alive with as little as 18 tons 
per furnace for 24 hr. The most economical rate for the present grade 
and type of concentrate feed appears to be between 40 and 50 tons of wet 
concentrate per 24 hours. 

Roaster operators determine the sulphide sulphur in the calcine two 
or three times each shift and water-soluble zine is also determined 
frequently. Methods have been worked out and equipment supplied 
so that the roaster operator himself makes these determinations in a 
laboratory provided on the roaster floor. Much better operating results 
have been obtained since this practice was introduced. 

For the year 1935 the average calcine analysis was as follows: total 
zinc, 56.0 per cent; laboratory ‘‘acid-soluble”’ zinc, 50.7; water-soluble 
zinc, 3.4; total sulphur, 3.1; sulphide sulphur, 0.47; iron, 9.2; insoluble, 4.1. 


LEACHING DEPARTMENT 


Calcine is delivered to the leaching department from the calcine- 
storage bins, previously referred to, by means of a mechanical feeder in 
the bottom of each bin, which discharges through a series of conveyors 
and elevators to two calcine weigh hoppers over each of three agitator 
tanks. In addition to the calcine weigh hoppers there is also a manganese 
dioxide weigh hopper over each agitator. 

The leach agitators are 20-ft. dia. by 13-ft. stave lead-lined tanks. 
The agitators in these tanks consist of an iron shaft supporting a radial 
arm just above the solution level in the tank. Lead-covered, extra heavy 
hydraulic iron pipes, 3 in. inside diameter, are fastened to this radial 
arm and extend vertically within 4 in. of the bottom of the tank. Each 
two adjacent pipes are joined by heavy cast-iron lead-covered shoes at the 
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bottom. Asthe driveshaft rotates, the radial arm and the fingers attached 
to it also rotate and keep even a heavy pulp in thorough suspension. 

The batch system of leaching is used in this plant. A measured 
amount of returned electrolyte is pumped into the leaching tank and, if 
it has not been previously heated, it is now heated to about 60° C. by 
means of process steam through lead steam coils installed in the tank. 
Two-thirds of the estimated requirement of calcine for complete neutrali- 
zation of the acid is then added. Agitation is continued for a period of 
3 to 5 hr., depending upon the time available for the completion of the 
leach. A very good extraction is obtained on this portion of the calcine, 
since the minimum acid strength in which it is leached is from 40 to 60 
grams per liter. During this stage of the leach the chemical reaction 
between the zinc oxide of the calcine and sulphuric acid develops suffi- 
cient heat to bring the entire leach to the boiling point. The recording 
thermometer in each tank indicates this temperature to be from 104° to 
106° C., depending on the specific gravity of the solution. 

The remaining acid in the solution is then carefully neutralized by 
adding small weighed additions of calcine. The leach is then reacidified 
to about 20 to 25 grams of sulphuric acid per liter by the addition of more 
returned electrolyte. The acid is again carefully neutralized to avoid 
addition of excessive calcine over that required to neutralize all acid and 
precipitate practically all of the iron. This double leach or repeated 
reacidification step is resorted to in order to improve the filterability of 
the pulp. At times there is also added approximately one pound of glue 
per ton of pulp, which very definitely improves filtration. 

Iron taken into the solution in the leach varies from 12 to 25 grams 
per liter, depending on the roast and the iron content of the calcine being 
treated. At the end of the leach the iron does not exceed 25 mg. per 
liter in the solution. Manganese dioxide is added as required to oxidize 
any ferrous iron present so that it will be precipitated as ferric hydrate 
or basic iron sulphate. 

The tanks are discharged through 6-in. lead pipes into a semicircular 
wood-stave launder through which the pulp flows to a lead-lined storage 
tank ahead of the Burt filters. Very satisfactory service has been 
obtained from these semicircular launders. The pulp is delivered from 
the storage tank to the Burt filters through 6-in. copper pipe. 

There are six Burt filters, each 5 ft. in diameter and 40 ft. long. The 
shells are of steel lined with copper. The pulp to be filtered, all wash 
water and also compressed air for supplying the pressure for carrying on 
the filtration are all admitted through the hollow trunnion at the head 
end of the filter. Inside the filter shell there is a series of canvas-covered, 
riffled or fluted wooden filter boards, lining the inside circumference of 
the shell. ‘There is a pipe connection through the shell from each filter 
board, which discharges the clear solution and wash waters into the 
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separate sumps. The solid from the pulp is collected on the canvas, 
forming a cake on the surface of the filter boards. As it enters the Burts 
the pulp is about 85° C., and although the resulting filtered solution is 
neutral, all equipment for handling both the hot pulp and the hot solution 
must be resistant to copper sulphate corrosion. An average filter cycle 
is about as follows: 

The filter is first filled almost completely with pulp, the valve closed, 
and the filter started rotating. Then 35 lb. of air pressure is admitted 
through the hollow trunnion to the inside of the filter, which forces the 
solution through the canvas and out through the discharge nipples of each 
individual filter board. After the solution is thus all filtered from the 
pulp, three successive washes of gradually decreasing zinc sulphate con- 
tent are added, each successive wash being forced out completely before 
the next one is added. By this means the soluble zine content remaining 
in the cake is reduced to a satisfactory amount. When the washing is 
completed, vacuum is applied to the interior of the filter, drawing the air 
frcm the outside through the solution discharge nipples and causing the 
cake to drop off the canvas filter cloth. Water is then run in and the 
filter is rotated until the residue is entirely mixed with water to form a 
slurry. Discharge ports in the end of the filter are opened and the 
repulped cake or slurry is permitted to discharge by gravity from the 
filters through a series of launders to two Dorr thickener tanks. The 
overflow from the thickeners goes to storage and is again used for repulp- 
ing the residue in the filters. 

The underflow from the Dorr thickeners passes to one of two 10 by 
12 Oliver vacuum filters. The cake from the Oliver filters is conveyed by 
means of a belt conveyor to a Ruggles-Coles drier, which reduces the 
moisture content so that the moisture of the dried residue is from 15 to 
20 per cent. The dry product is loaded into railroad cars and is shipped 
to the Bunker Hill lead smelter, where it is treated for the recovery of its 
lead, silver and gold contents. 

The filtrate from the Burt filters is pumped through hoses to a lead- 
lined storage tank, from which it is drawn by gravity to the purification 
department as required. 

The life of the canvas filter cloth in the Burt filters varies from 30 to as 
much as 90 days and the wooden boards themselves last a year to a year 
and a half. 

In the operation of the filters it has been found more economical to 
change all the clothes in a filter at one time. There are 32 separate 
filter boards in each filter, each one inside its canvas sack, and as a leak 
appears in any board, the nipple corresponding is plugged with a wooden 
plug. When from 10 to 15 nipples in a filter are plugged, it is more 
economical to change all sacks than to continue operating at reduced 
capacity. The discharge head of the filter is therefore taken off, all 
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boards removed, and a set of filter boards with new canvases on them 
are installed. By the use of 60° triangular boards, which were a develop- 
ment of this plant, the filter capacity has been practically doubled. 

A filter cycle requires from 3 to 414 hr. to complete and the quantity 
of pulp charged to the filters is varied as necessary to give this figure. 
A filter with a new set of sacks has a capacity as high as 130 tons of pulp 
per 24 hr. and when, owing to increasing age of the canvas sacks, the 
capacity has dropped off to 75 tons for 24 hr. or even less, a new set of 
sacks is required. 

This type of filter is very satisfactory for the particular work in this 
plant. We are dealing with a hot (80° C.) pulp and with a zinc sulphate 
solution that is almost saturated at this temperature. If a vacuum 
filter were used, there would be an almost instantaneous crystallization 
of zinc sulphate, which would blind the canvas and prevent filtration; 
also, since the solution is so concentrated, washing must be thorough 
and complete in order to avoid excessive soluble losses of zine in the 
residue. The amount of new wash water that can be used in the cyclic 
operation is limited by the amount of water evaporated throughout the 
process, in the leach agitators, etc., consequently efficient use must be 
made of the amount of wash water it is possible to add. 


PURIFICATION DEPARTMENT 


Zine sulphate solution produced in the leaching department contains, 
in addition to the dissolved zinc, a number of impurities, chief among 
them being copper, cadmium, cobalt, antimony, arsenic, nickel and 
germanium. There are other minor impurities, some of which are not 
injurious to electrolysis. This solution contains approximately 215 grams 
per liter of zinc, 300 mg. per liter of copper, 600 mg. per liter of cadmium, 
15 to 30 mg. per liter of cobalt, 3 to 8 mg. per liter of antimony plus 
arsenic; also manganese and magnesium, which do not have to be removed 
from the solution in the purification step. 

The solution is drawn from storage tanks through 6-in. dia. copper 
pipes, fitted at their discharge ends with rubber hoses and pinchcocks 
instead of valves, to lead-lined tanks, 22 ft. in diameter by 15 ft. high, 
which contain mechanical agitators of the paddle type. The agitation 
required for purification is not as violent as that required for the leaching 
operation. The tanks are fitted with lead-pipe steam coils and can be 
heated by process steam, so that the solution temperature can be raised 
if necessary to obtain more efficient precipitation of impurities by means 
of zine dust. 

A charge of solution is drawn into one of the agitators and sufficient 
zine dust added to precipitate all copper in the solution. This charge 
is then filtered through Shriver plate-and-frame filter presses and is 
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discharged into another agitator similar to the one in which the copper 
was removed. 

The removal of cobalt is aided by the presence of only a small amount 
of copper in the solution. For this reason a small amount of raw solution 
is drawn from the storage tanks and mixed with a larger bulk of solution 
from which the copper has already been removed. The temperature of 
the solution is now held at 75° C. or slightly above, and more zine dust 
added to the agitator until cobalt, antimony and cadmium are reduced 
to one milligram per liter or less. When the cobalt is precipitated, the 
nickel is also removed, and for that reason the operators do not test the 
solution regularly for nickel. 

Also, while a little copper present in the solution is beneficial in 
precipitating cobalt, a larger amount is objectionable. In tests we have 
succeeded in precipitating all copper and cobalt in one tank with a 
reasonable amount of zinc dust; however, before the solution could be 
filtered, the precipitated cobalt redissolved in the solution. For this 
reason the step-purification outlined is used. 

The final filtrate from the Shriver presses is a clear, water-white 
solution containing about 215 grams per liter of zinc, and less than a 
milligram of cobalt, antimony and cadmium. This solution then passes 
to a storage tank called a ‘‘check” tank. Analytical tests have been 
developed, which the operators, who are ordinarily not trained chemists, 
regularly make. These methods are quick, accurate and very sensitive. 
To be absolutely sure, however, that the solution is pure, a sample is 
taken of each charge by an automatic sampler during the final filtration 
into the storage tanks, and this sample is sent to the laboratory for 
regular routine analysis. Before the solution can be used by the electro- 
lytic department, approval of that particular batch of solution must be 
obtained from the laboratory. : 

The residue obtained from this zinc-dust purification contains copper 
and cadmium in commercial quantities, also some cobalt, antimony, 
nickel, etc. The residue is re-treated in the cadmium plant for the 
recovery of copper and cadmium. As produced, this residue contains 
from 25 to 35 per cent Zn, from 8 to 10 per cent Cu, and from 16 to 
22 per cent Cd. 

The filter medium used in these presses is ordinary 10-oz. canvas duck. 
In order to get a clear, sparkling filtrate, paper is also used over the 
canvas. The paper that has been found most satisfactory is an ordinary 
30-lb. Kraft paper such as is used extensively for wrapping parcels. 
When the press is opened for cleaning, the papers are peeled off the 
canvas, leaving little or no residue on the cloths to be washed off. Dis- 
posal of the paper is a simple problem, as it is merely thrown into the 
leach agitators, where it readily disintegrates. 
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ELEcTROLYTIC DEPARTMENT 


In the cell room there are two circuits of 150 cells each, in series 
electrically but in parallel as regards the solution flow. Each circuit is 
supplied by a motor-generator set consisting of a synchronous motor 
direct-connected to two direct-current generators of 4000 amp. and 
500 volts each, which are connected in series to give 8000 amp. d. c. 
The synchronous motor is operated at 2300 volts and is rated at 4400 
kilovolt amperes. Current density is approximately 100 amp. per sq. ft. 
of submerged cathode area. 

Each cell contains 12 cathodes and 24 anodes. Electrodes are held 
in place in the cells by lead-covered wooden frames, which are wedged 
in place in the cells. The guides for the cathodes are of wood, impreg- 
nated with paraffin. The cathodes slide in these wooden guides. They 
also serve as spacers for the anodes, which are held in position against the 
side of the guides. Thus a regular spacing between anodes and cathodes 
is maintained. The distance between anode and cathode face is only 
5¢in., therefore the spacing must be kept uniform in order to avoid treeing 
and consequent low efficiency. The wooden guides are replaced about 
every 60 days. 

Cathodes are made of 1-in. aluminum plates with an aluminum 
header bar welded to the sheet by means of the atomic hydrogen-welding 
process. This process was new at the time of the first fabrication of the 
cathodes at the commencement of plant operation, but the method was 
very successful and is still in use. 

Since each cathode must carry several hundred amperes, a good 
contact at the cathode bus bar is essential. This is obtained by using a 
copper clip attached to the bus bar into which the header bar slips, and 
by the use of copper plating on the aluminum header bar itself a copper-to- 
copper contact instead of aluminum-to-copper is obtained. Periodically 
the plating on the header bars is renewed. The clips and header-bar 
contact are on one side of the cell, so that there is no exposed copper 
over the cell proper. . 

Cells are not cascaded, but are set up in two rows of 75 cells each in 
each circuit. The cells are side to side instead of end to end, as is general 
practice in plants using the cascade system. The 1 by 2-in. copper bars 

‘that connect the pairs of cells are supported independently of the cells. 
These bars act as the cathode bus for one cell and the anode bus for the 
cell adjoining. Copper tie-up, therefore, is relatively small for the 
amperage carried in the circuit. 

Solution is circulated continually through the cell at a rate of approxi- 
mately 10 gal. per minute per cell. The overflow from the cells drops 
into the sumps through hard-rubber pipes. There is a sump directly 
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beneath each row of cells extending the full length of the row. ‘This 
sump is large enough to hold all of the solution from all of the cells above 
it if it becomes necessary to drain the cells because of a long power 
interruption. From the sumps the solution goes to lead-lined launders 
and storage tanks, which in turn feed hard-lead pumps delivering the 
solution to the cooling cells, which are -high enough to permit a gravity 
flow of solution back to the electrolytic cells. 

There are five cooling cells, each containing sixty-six 114-in. lead-pipe 
coils through which cold water is circulated. The electrolyte is circulated 
through the cells and around the coils containing the cold water. They 
are in series as regards solution flow but are in parallel for water flow. 
A total of approximately 3000 gal. of water per minute is circulated, or 
about 600 gal. per cooling cell. 

The neutral solution is delivered to the cell building as required, 
through an iron launder, from which it discharges into a lead-lined launder 
inside the building, which in turn discharges into an electrolyte storage 
tank. Electrolyte is pumped back to the leaching department through 
lead-lined iron pipe by Antisell lead centrifugal pumps. This neutral 
solution is fed to the cell circuit in batches, instead of continually, as is 
general practice. As an example—assume that the acid in the circulat- 
ing cell-room electrolyte has reached 27 to 28 per cent sulphuric acid, a 
volume portion, say, 14 of the circuit volume of this solution, is pumped 
from the cell room to the leaching department and an equivalent amount 
of neutral solution is drawn from the purification storage tanks to the 
cell-room circuit. This reduces the acid in the electrolyte to approxi- 
mately 22 per cent. Electrolysis is continued until the circuit is again 
up to 27 per cent acid, whereupon the above cycle is repeated. Since 
the zinc content of the neutral solution is much higher than is in 
general use in electrolytic plant practice, a relatively small tonnage of 
solution is required to produce the zinc. Approximately 514 tons of 
solution per ton of zinc cathodes produced is the amount required. 

Cathode deposits from 8 to 12 hr. old are made, depending on plant 
and solution conditions. When withdrawing plates from the cells for 
stripping of the deposited zinc, only one cathode is pulled at a time and a 
clean cathode immediately inserted in its place. After draining, the 
cathodes are loaded on a truck and hauled to the stripping floor in another 
room, where the actual stripping is done. 

By the use of reagents a froth is maintained on the solution in the 
cells at all times, which prevents mist or gas in the cell-room atmosphere. 
No masks or respirators are required even for men working in the cell 
room continually. All men working around the cells are required to 
wear rubber gloves and boots as a protection against acid contact or 
electrical shock. 
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The cells themselves are lead-lined, wooden boxes. The general cell- 
room construction has worked out well in practice and has given 
good service. 

Anode and cell boxes are cleaned of the precipitated manganese 
dioxide periodically by a crew working continually at this particular task. 

Cathode zinc from the stripping operation is piled on trucks in piles 
of 700 or 800 lb. each, six such piles forming a truck load. The loaded 
trucks are delivered to the melting and casting department after 
being weighed. 


MELTING AND CASTING DEPARTMENT 


Cathodes are melted in a coal-fired reverberatory furnace, 15 by 
28 ft., with inverted arch hearth. There are two ladling wells in the end 
of the furnace opposite the firebox, separated by a bridge wall from the 
main metal bath. These wells are oil-fired to maintain the metal at the 
proper temperature for casting. 

The furnace holds approximately 100 tons of molten metal in the 
bath. Molds for standard slabs, or for special shapes as required, are 
set in a line reached by the ladle, which is carried on a crawl suspended 
from an I-beam. The ladle, handled by one man, carries from 350 to 
400 lb. of molten metal. 

Cathodes are raised by an electrically driven traveling chain hoist 
from the floor level to the charging level above the furnace. The cathodes 
are picked up in piles weighing 700 to 800 Ib. each and are raised to the 
top of an inclined metal chute, down which they slide through an opening 
in the top of the furnace into the molten metal beneath. A swinging door 
over the opening in the furnace prevents excess air from entering during 
the charging operation. 

The furnace is drossed after 60 to 75 tons of cathodes has been melted. 
Once or twice each month wall and arch accretions of dross are barred down. 

Special care is taken to avoid contamination of the metal. Scrap, 
skimmings and cleanings from around the furnace and molds are melted 
in a separate furnace and converted into zinc dust instead of being 
returned to the main furnace. 

Since the metal produced by this plant is all of ‘‘Special High Grade,” 
according to the specification of the American Society for Testing 
Materials, great care is taken to obtain accurate analyses. A sample of 
the metal being cast is taken from each ladle of metal and poured into a 
mold that produces a small, round stick. When a lot is completed 
(about 50 tons) all of the stick samples taken during the casting are 
melted carefully in a clean graphite crucible, being thoroughly stirred. 
The molten sample of the metal is granulated by pouring it in a thin 
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stream into distilled water, then is taken to the laboratory for analysis 
before that particular lot is released for shipment. 

Slabs are loaded with hand trucks into box cars for shipment as 
required. Each truck load of metal is weighed over two shipping scales, 
a separate weighman being at each scale. The weights obtained by the 
two weighers must be in accord before the car is sealed for shipment. 

Dross formed in the melting of the cathodes is sold and is not re-treated 
in the plant. 

Zine dust for use in the purification department and in the cadmium 
plant etc., is produced in the usual manner by atomization of a small 
stream of molten zinc with a high-pressure air jet. Oversize dust, 
scrap and any metal that may have become contaminated in any way 
is used for the production of zinc dust. 


ELEcTROLYTIC CADMIUM PLANT 


Purification residue, obtained by the precipitation of impurities by 
means of zinc dust in the purification department of the zinc plant, as 
previously described, is sampled, weighed, and is then stored in outside 
storage bins for re-treatment in the cadmium plant. This residue is 
carried by conveyors from the storage pile to a storage bin in the cadmium 
plant. From the bin it is fed as needed by an adjustable feeder into a 
ball mill to which a small amount of water is also fed for the purpose of 
breaking up lumps and producing a fine sludge. The sludge from the 
mill is carried by means of a lead-lined launder into a lead-lined leaching 
tank, where it is agitated with spent electrolyte return from the electro- 
lytic cells of the main zine plant. Cadmium, etc., is dissolved, leaving 
the copper in the form of cement copper, which is eliminated at this step. 
The pulp in the tank is filtered through a bronze Shriver plate-and-frame 
press. The press cake is dropped into a storage bin and is shipped at 
intervals to a copper smelter. 

The solution carrying the cadmium, besides other metallic impurities, 
is pumped to a lead-lined wooden tank similar in construction to the 
purification agitator tanks in the main zine plant. Zine dust is added 
for the precipitation of the cadmium as a metal sponge. The contents 
of the precipitation tank is filtered through a bronze Shriver filter press, 
and the solution is pumped to a storage tank. The cadmium sponge is 
placed on a platform heated by steam, where it is oxidized in a short time. 
The oxidized sponge dissolves readily in the returned electrolyte from the 
cadmium cells. All of the cadmium is not oxidized and the remaining 
metallic portion serves to remove small quantities of copper that may 
have escaped the leach; it also tends to keep other impurities from building 
up to their full extent in the solution. After being dissolved, the cad- 
mium, in the form of neutral solution, is sent to a storage tank and is 
ready for electrolysis. The cells are of the stationary cathode type and 
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in most respects are similar to the standard cells used in the zine plant. 
However, a much lower voltage and lower current density are used in 
the cadmium cells. The current density is about 10 amp. per square 
foot of cathode surface. Cadmium electrolyte is circulated through the 
precipitation cells in much the same manner as in the electrolysis of zinc. 
At intervals, the spent electrolyte is returned to the resolution tank, 
where the acid generated during electrolysis is used to again dissolve 
cadmium sponge and the solution is returned to the cells as neutral 
solution. Although the electrolysis is not very sensitive to impurities, 
after these have built up for some time it is advisable to discard it. This 
is done by using it instead of zinc-plant electrolyte for leaching purifica- 
tion residue, the purification step being satisfactory for the elimination 
of the undesirable impurities. 

The solution from the filtration of the precipitated cadmium sponge 
is purified in a lead-lined tank fitted with mechanical agitation. Purifi- 
cation is accomplished by means of zinc dust in a manner similar to 
that used in the main zinc plant. After purification, the solution is again 
filtered; the Shriver press cake containing the accumulated impurities 
is stored and the solution is returned to the main zinc-plant circuit. 

Cathodes are stripped of the deposited cadmium every 12hr. “che 
cathode sheets are rolled in compact bundles and dried on steam racks. 
The bundles are pressed under a hydraulic press and then are ready 
for melting. 

The melting of the cathode cadmium is done in an electric melting 
pot fitted with thermostatic control, under a cover of fused caustic soda, 
to prevent excessive drossing of the metal. Molten cadmium is cast 
into shapes required by the market—pencils, balls, slabs or anodes. 
These are boxed in wooden containers for shipment to market. 

The tanks throughout the cadmium plant are lead-lined and equipped 
with steam coils to permit temperature control of the solution at any 
stage of the process. A separate motor-generator set supplies the cad- 
mium plant with its own source of direct current independent of the 
zinc-plant generators. 

The entire cadmium plant is so arranged that any unit can be tem- 
porarily shut down without affecting the operation of the rest of the 
process. In general, it resembles the zine plant on a smaller scale, and 
-embodies the features of design indicated by the experience of the 
electrolytic zinc plant. 


The Electrolytic Zinc Plant of the Consolidated Mining and 
Smelting Company of Canada, Limited 


By B. A. Stimmet,* Memper A.I.M.E., W. H. Hannayt anp K. D. McBrant 


Tue electrolytic plant at Trail, B. C., was erected by the Consolidated 
Mining and Smelting Company of Canada, Ltd., for the treatment of 
zinc ores and concentrates, particularly those of the Sullivan mine at 
Kimberley, B. C. It began operations in 1916 at a rated capacity of 60 
tons of cathodes per day, which has been steadily increased to the present 
production of 400 tons per day. 

The Sullivan has furnished the greater part of the zinc so far produced, 
although notable tonnages of customs zine concentrates have been 
treated. The maximum yearly tonnage of customs concentrates, 25,000 
tons, was treated in 1926. Practically no customs concentrates have 
been treated since 1929. The total bar zinc production to the close of 
1935 was 1,092,782 tons. The zinc mineral in the Sullivan ore is 
marmatite of somewhat variable composition, ranging between 6ZnS.FeS 
and 8 Zn8.FeS. Practically all the zine ores tributary to this plant are 
marmatites; and the iron content of the zinc mineral varies considerably. 
The formation of zinc ferrite during roasting is now a matter of common 
knowledge, so the possible extraction from any zinc concentrate is largely 
a function of the iron content; the progress made in concentration is 
reflected directly in zine-plant recovery. 

The Trail plant operates on the low-acid system, as do all the other 
major plants on this continent at present operating, except the electro- 
lytic plant of the Sullivan Mining Co. at Kellogg, Idaho. The new 
Magdeburg plant, in Germany, occupies an intermediate position between 
high and low acid. Plant operation at Trail will be treated in this paper 
under five main sections: roasting, leaching and purification, electrolysis, 
cadmium recovery and melting. The oxide section of the plant, treating 
zinc fume from re-treatment of lead blast-furnace slag, is practically a 
separate zinc plant; this is necessary because of the presence of fluorine in 
the smelter zinc fume. Cadmium is recovered electrolytically from the 
purification residues of both the sulphide and oxide leaching plants. 


Manuscript received at the office of the Institute July 3, 1936. 
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} Research Chemist, Consolidated Mining and Smelting Company of Canada, Ltd. 
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Canada, Ltd. 
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SUSPENSION RoastTiInG ProceEss 


Since the initial conversion of a standard, 25-ft. diameter Wedge 
roaster to the combustion-chamber type, the development of the “‘ burning 
concentrate process” has proceeded steadily, until, with the latest design, 
concentrate that would have been difficult to treat in the original roaster 
can now be handled easily. 

Before the operation of the ‘‘burning concentrate process,”’ the roast- 
ing department at the Trail zinc plant consisted of 25 standard Wedge 
roasters, 25 ft. in diameter, some coal fired and others operated auto- 
genously by the so-called “‘split-draft” system. However, as the process 
evolved, and its advantages became more evident, more of the roasters 
were converted to the new type. Upon the conversion of the eighth 
roaster to the suspension type, sufficient capacity became available to 
satisfy the calcine requirements of the zinc plant, and all roasting by the 
multiple-hearth method was discontinued. 

While the idea of roasting zinc concentrates in suspension has intrigued 
investigators for a number of years, no commercial application of a process 
appears to have been successful until the development of the Trail 
burning concentrate process. 

As worked out at Trail, the system owes its success largely to a 
number of unique features, combined so that the functions of drying, 
roasting and sulphating, if required, can be carried out simultaneously in 
a single unit. Auxiliary equipment is provided for the recovery of waste 
heat and for the collection of dusts from the exit gases. 

By means of this combination, each furnace or unit can treat, without 
extraneous fuel, zinc concentrates containing up to 11 per cent moisture, 
at any rate between 50 and 130 dry tons per day. The quality of the 
calcine produced is subject to considerable control, and may be varied 
within wide limits in sulphide and sulphate sulphur content. The exit 
gases, rich in sulphur dioxide, are at 1600° F., and from them 2 boiler hp. 
per ton of concentrate roasted per day may be recovered when roasting 
Sullivan concentrates. 

These various factors have resulted in a very compact and efficient 
plant, and high tonnage capacities of various types of calcine can be 
obtained from a relatively small installation. 


APPARATUS 


Fig. 1 shows in diagrammatic form a typical arrangement of the 
apparatus: No. 1 is the furnace proper, which contains the combustion 
chamber 2, the drying hearths 3 and 4, the collecting and sulphide-control 
hearths 5 and 6, and, when required, the sulphate-control hearth 7; each 
hearth having arms and rabbles rotating with the central column 8. 
The auxiliary equipment consists of the circulating and. secondary 
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combustion air fan 9, the burner 10, the gas-circulating conduits 11, 12 and 
13, the wet-concentrate hopper 14, and the dried-concentrate hopper 
and feeding device 15. The ball mill 16 has a feed chute and feeder 17, 
and an elevator 18, at the discharge end. Chute 19 conveys the low- 
sulphate calcine to the Jacoby rotary conveyors 20, and chute 21 receives 
the product from the sulphating chamber. No. 22 is the main gas outlet 
and 23, the gas outlet from the sulphating chamber. By means of valves, 
either or both of these outlets may be used. The waste-heat exchanger 
24 is usually by-passed through conduit 25, unless concentrates very low 
in thermal value are being treated. For such concentrates, air is passed 


Fig. 1.—ARRANGEMENT OF APPARATUS IN TRAIL SUSPENSION ROASTING PROCESS. 


through the heat-exchanger tubes by means of the fan 34, and is delivered 
to the secondary air fan 9. The boiler, 26, is preferably of the vertical, 
water-tube type, although fire-tube boilers are also in use. From the 
boiler, the gases are drawn through the cyclone dust collector 27 by the 
fan 28 and are passed into the balloon flue 29 and thence, through the Cot- 
trell electrical precipitator 30, to the acid plant 31. The screw conveyor 
32 can return the dust products, either to the base of the combustion 
chamber 5, through the elevator 33, or to the sulphating chamber 7, or 
to the finished-product conveyor 20. 


PROCESS 


The zinc concentrate as received from the concentrator has the follow- 
ing average analysis: Ag, 2.2 oz. per ton; Zn, 51.1 per cent; Pb, 3.5; Fe, 
11.4; 8, 32.8; Cu, 0.14; SiO., 0.6; Mn, 0.52; CaO, 0.2; Cd, 0.16. It 
contains between 9 and 10 per cent moisture. 
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Bottom-dump railway cars discharge to belt conveyors, which deliver 
to a hopper of 25 tons capacity at each furnace. By means of a belt, 
the wet concentrate is fed at a controlled rate through a chute—air-sealed 
by a gate operated by gravity—to the periphery of the first or upper 
drying hearth. In being rabbled across this hearth, the concentrate is 
partially dried by hot gases from the combustion chamber, which are 
being continuously circulated between the combustion chamber and both 
drying chambers. When the concentrate is extremely wet, the gases 
from the first drying chamber are not returned again to the combustion 
chamber but are by-passed directly to the cyclones, or exit flue system. 
The partially dried concentrate from the first drying hearth then drops 
to the second drying hearth, where it is completely dried by heat con- 
ducted through the hearth and by the circulating gases, as it is rabbled 
outwardly to the discharge chute. From this chute it passes to the 
screw conveyors, which deliver to a lightly loaded ball mill where the 
agglomerations formed in the drying operation are disintegrated. Practi- 
cally no grinding is performed or required in the ball mill, as the con- 
centrate normally treated at Trail is 95 per cent minus 200 mesh, which is 
fine enough for successful burning in suspension. After passing through 
the ball mill the fine, dry material is conveyed by a bucket elevator and 
screw conveyors to a 25-ton hopper at each furnace. 

The concentrate, in a fine, dry condition, free from lumps or tramp 
material and at about 200° F., is now in the optimum state for the burning 
operation. It is fed from the hopper, by a belt feeder through an adjust- 
able gate, into two air injectors delivering to the burner. In the burner 
it mixes with the secondary combustion air—which may be preheated 
or not, depending upon the thermal value of the concentrate being 
treated—and with the moisture-laden gases from the two drying chambers, 
and the mixture enters the top of the combustion chamber with con- 
siderable turbulence, Ignition occurs very close to the burner mouth, 
and the concentrate in burning maintains the temperature in the combus- 
tion chamber between 1650° and 1750°F. From time to time, as required, 
small adjustments are made in the ratio of concentrate to air to keep 
within these limits of temperature. Although there is a considerable 
degree of turbulence within the combustion chamber, some particles, 
amounting to about 60 per cent of the total feed, settle out on the collect- 
ing hearths at the base of the chamber. The remaining 40 per cent, 
consisting of the finer material, is carried out of the furnace with the gases 
into the cyclones, where almost all of the dust is precipitated. 

Suspension Phase.—During the suspension phase of the operation the 
sulphide particles are almost completely desulphurized, and, on settling 
out on the hearth, contain about 0.5 per cent sulphide sulphur at normal 
tonnage rate. The sulphate sulphur, being fixed by the alkaline earth 
radicals, is about 0.4 per cent at all capacities. Upon being rabbled 
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across the two collecting hearths, the residual sulphide sulphur is further 
oxidized, and when the material is discharged from the furnace it contains, 
on the average, about 0.3 per cent sulphide sulphur and 0.4 per cent 
sulphate sulphur. 

At Trail this product is finished calcine, which is discharged into the 
Jacoby rotary conveyors and conveyed to the leaching plant. Under 
different plant conditions, where high-sulphate sulphurs might be desired, 
this calcine would be treated in the sulphating chamber by discharging 
from the second collecting hearth to the periphery of the bottom hearth. 
Here it would be rabbled in a strong sulphur dioxide atmosphere, obtained 
by diverting over this hearth a sufficient volume of gases from the com- 
bustion chamber to maintain the temperature at about 900° F. Under 
these conditions the material would rapidly build up in sulphate sulphur 
and the finished product would then be discharged from the furnace, 
containing up to 4 per cent sulphur as sulphate sulphur. 

Burning.—During the burning operation, gases are being continuously 
circulated between the combustion chamber and the two drying chambers. 
These gases, at 1700° F., and from 9 to 10 per cent sulphur dioxide, are 
withdrawn from the top of the combustion chamber, through an annular 
space around the central column, into the lower drying chamber, and 
from the combustion chamber through an outside conduit into the top 
drying chamber. The volume of these circulating gases is regulated to 
maintain the temperature in the lower chamber at 450° to 500° F., and 
at 250° to 350° F. in the upper chamber. From the drying chambers, the 
gases are returned again to the combustion chamber, through the burner, 
with the dried concentrate and the air required for combustion. This 
so-called circulation step performs the two important functions, whereby 
not only is the wet concentrate dried, but the temperature in the combus- 
tion chamber is controlled. Without this step, roasting capacities would 
be very limited, as otherwise it would be very difficult to maintain the 
temperature within the operating limits. 

Gaseous Products.—The final gaseous products of combustion leave 
the furnace through the exit between the two collecting and desulphuriz- 
ing hearths, except when a portion of them is diverted through the 
sulphating chamber. These gases contain about 9 per cent sulphur 
dioxide, and a dust burden equal to between 30 and 40 per cent of the 
weight of the concentrates. They pass directly into waste-heat boilers 
or, if concentrates of low thermal value are being treated, first through a 
heat exchanger where the secondary combustion air is preheated. At 
Trail, heat exchangers are unnecessary, and the gases pass directly from 
the furnace either into two vertical fire-tube boilers per furnace or into a 
single, vertical, water-tube boiler per furnace. The fire-tube boilers 
were installed at first, but later installations have been of the water- 
tube type. 
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The dust-laden gases enter the boiler at 1500° F. and leave at 500° to 
600° F., the outlet temperature depending upon the cleanliness of the 
tubes. Approximately 200 boiler hp. of steam up to 200-lb. pressure is 
generated per 100 tons of concentrates burned per day. ‘The boilers have 
proved very satisfactory in every way, causing practically no loss of 
operating time on the furnace except a few hours per week for clean- 
ing tubes. 

Upon leaving the boilers, the gases pass into two cyclone dust collec- 
tors in parallel, where from 85 to 90 per cent of their contained dust is 
precipitated. This dust, which is equal to from 30 to 40 per cent of the 
weight of the feed to the furnace, contains 0.7 per cent sulphide sulphur 
and 3.5 per cent sulphate sulphur. It is discharged from the cyclones 
through a rotary valve, or air seal, directly into the calcine conveyors, 
where, along with the product discharged from the hearths, it is conveyed 
to the leaching plant for the next treatment step. In the early stages of 
the development of the process, the cyclone and cyclone-fan installations 
gave considerable trouble, but the difficulties have been overcome and 
the cyclone equipment has more than justified its installation, particularly 
in regard to over-all dust-catching efficiencies, and from the viewpoints of 
operating and original capital cost. 

The gases upon leaving the cyclone fans are at 400° F. and have a 
dust burden equal to approximately 4 per cent of the weight of the original 
feed. From the fans they flow through an unlined steel balloon flue to a 
Cottrell electrical precipitator, where 95 per cent of this dust is removed. 
This results in an over-all dust-catching efficiency of 99.5 per cent, so that 
the gases entering the contact-acid plant are practically free of dust. 
The dust caught in the Cottrell, averaging 4 tons per 100 tons of con- 
centrates treated, contains 0.3 per cent sulphide sulphur and 7.5 per cent 
sulphate sulphur. This is withdrawn from the Cottrell hoppers and is 
conveyed by means of a vacuum conveying system to a screw conveyor 
feeding the acid Pachucas. All of the products from the roast are 
leached directly without further roasting treatment. 

Leaching-plant Feed.—The final product from the roasting plant, which 
is called the “leaching-plant feed,” is a mixture of hearth product, cyclone 
dust and Cottrell precipitator dust. These various products have the 
average analyses shown in Table 1. 

The zinc solubility on the leaching-plant feed is appreciably higher 
now than when the calcine was produced by the multiple-hearth roasting 
method, because in the suspension type of roaster, the harmful period (the 
ferritization period) of contact between the iron oxide and zinc oxide par- 
ticles is relatively short as compared to that in the multiple-hearth roaster. 
On some of the particles, such as those precipitated in the cyclones and 
Cottrell, contact under ferritization conditions is possibly not made at all. 
This condition, of course, has a more beneficial effect upon that portion 


546 ELECTROLYTIC ZINC PLANT, TRAIL, B. C. 


TaBLE 1.—Analyses of Products 


Analysis, Per Cent 


bility, Per 
Product ility, Per 
Pb Zn Fe Total ik ae Cent 
Hearth prod uctopipctt ae kieran 2.3 | 60.1 |, 18.7 |.0.8)) 055 86.7 
Cyclone: dust 3 acquaint 5.3 1) 54,5) | 11.5) 4000 ee 0 88.5 
Cottrell dustt son ccaoteitererncianne once 9.8.| 42.2 | 10.2 | 7.8] 7.5 90.0 
Leaching-plant feed................ 3.7 | 57.3 | 12.8 | 2.3 130 87.5 


of the concentrate in which the zinc and iron minerals are separately 
crystallized, and would not apply as well to a concentrate composed 
entirely of marmatite or other isomorphously crystallized iron and zine 
mineral. With such a concentrate the iron would form ferrites in either 
system of roasting, although the ultimate zinc solubility probably would 
be higher from a suspension roaster, because of the sulphating action on 
the dust particles and their very brief period under ferritization conditions. 

The Trail zinc concentrate is composed chiefly of marmatite, with a 
small percentage of free pyrrhotite. The ferritization ratio, or units of 
zinc combined with units of iron, was 0.522 when these concentrates were 
roasted in the multiple-hearth furnaces, as compared to 0.46 from the 
present system of roasting. On other types of concentrates, in which a 
greater proportion of the iron and zinc minerals were separately crystal- 
lized, the difference in the ferritization ratios would be still more in favor 
of the suspension type of roaster. 

Dust Collection—Paradoxical as it may seem, the collection and 
handling of the large dust burden is accomplished more efficiently and 
with less difficulty than when roasting in the multiple-hearth furnaces. 
Then the dust burden was about 15 per cent of the total feed, divided 
between 7 per cent flue dust and 8 per cent Cottrell dust, all of which 
required reroasting. Now, although the dust burden is about 40 per cent 
of the feed, it can easily be collected mechanically in cyclones, which can — 
be placed at the most convenient point to discharge their product directly 
into the finished-product conveyor. The small amount of Cottrell 
precipitator dust, averaging about 4 per cent of the total feed, is also 
finished product, and is air-conveyed directly to the leaching-plant acid 
Pachucas. This system of dust collection has effectively solved what 
originally appeared to be an almost insurmountable dust problem, and is 
particularly applicable because of the small volumes of low-temperature 
gases. Also, as a result of the lower volumes, the old brick flue, of large 
cross section, is now replaced by a relatively small unlined steel balloon 
flue, from which the small quantity of dust that collects in it is recovered 
by the same air-conveying system as the Cottrell dust. 
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Adaptability of Process—Although the development of the burning 
concentrate process has been chiefly in connection with the treatment of 
zine concentrates, considerable work on a small-scale furnace has proved 
that the process is adaptable to the treatment of various other mineral 
sulphides. This is eminently true in regard to the sulphides of iron, 
particularly pyrite, with which most of the small-scale work has been 
performed. Owing to the flexibility of the process, whereby it can be 
operated at various tonnage rates, and within broad limits of temperature, 
and to the almost complete control of the degree of desulphuriza- 
tion, pyrite can be roasted to produce almost any type of product desired, 
ranging from a completely desulphurized and fused, granular cinder, to a 
smooth and porous product either desulphurized or in a highly sulphated 
state. The roasting of pyrite on a standard-sized burning concentrate 
furnace would produce results that should compare most favorably with 
those obtained from zinc concentrates, including completely autogenous 
roasting with high tonnage rates per unit, high concentration of SOz in 
the exit gases, and the recovery of over 2 boiler hp. per ton roasted per 
day. These factors, of course, connote low installation and low operating 
costs, and these have prevailed since conversion of the multiple-hearth 
furnaces to the suspension type. 


LEACHING AND PURIFICATION PLANT 


The treatment is divided into two cycles, the acid or extraction 
section and the neutral or purification section. The flowsheet in Fig. 2 
shows these sections in detail. Essentially the plant has two functions, 
extracting the maximum amount of zinc, and purifying the resulting 
solution to yield satisfactory current efficiencies in the tank room, together 
with the requisite degree of purity in the final bar zine. 

The flowsheet shows that the calcine is added to the neutral side, with 
only sufficient acid to effect about 25 per cent extraction. Recent 
developments tend towards modification of this practice, and when 
advisable, up to 30 per cent of the total feed is added directly to the acid 
side. A reduction in the circulating load of solution and improved 
settling conditions on the neutral side result from this change. Roaster 
flue dust and products from the Cottrell plant are now added on the acid 
side, thereby materially improving settling conditions on the neutral side. 

The neutral thickener underflow, containing about 75 per cent of the 
soluble zinc in the plant feed, is leached in seven acid Pachucas in series. 
Return acid from the tank rooms is added to the first Pachuca only and 
is so regulated that the available acid in the first Pachuca does not exceed 
5 grams per liter; this gives plus or minus 1.5 grams per liter acid in the 
last Pachuca. The strength of acid at this point must be controlled to 
avoid re-solution of impurities, which are precipitated in the neutral 
side of the plant. 
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Acid Pachuca discharge is thickened in eight 50-ft. Dorr thickeners 
in parallel. The overflow, carrying about 10 grams solids per liter and 
plus or minus 1.0 grams acid per liter is the feed to the neutral side of the 
plant. Acid thickener underflow averaging 40 per cent solids is pumped 
to the filtering and washing section of the plant. There is some further 
extraction of zine in the acid thickeners, as evidenced by solution con- 
tained in the underflow, which is neutral and carries only about 0.10 grams 
total iron per liter, all in the ferrous condition. Thickener operation is 
controlled to ensure neutrality in the underflow. Acid conditions at this 
point tend towards creating a circulating load of impurities. 

Acid thickener underflow at 40 per cent solids is delivered to Moore 
filters for preliminary washing. The Moore cake is retreated on seven 
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American filters; these are split into two sections of three each with one 
spare and the sections operate in series. The discharge from the first 
section of three is pugged with water (Fig. oa 

The final cake at 30 per cent moisture is discharged to V-cars for 
delivery to the smelter, where the lead and silver are recovered and the 
zinc in the form of oxide extracted from the slag is delivered to the oxide 
leaching plant. A varying percentage of this cake is dried in rotary 
driers to about 10 per cent moisture before delivery to the smelter. The 
average assay of this product is as follows for the year 1935: Au, tr.; Ag, 
6.0 oz. per ton; Cu, 0.32 per cent; Pb, 11.2; Zn, 20.9; total §, 4.7; sulphate 
S, 2.6; insoluble, 3.2; Fe, 32.2; Mn, 1.05; CaO, 0.40; Cd, 0.20; acid- 
soluble Zn, 1.50; water-soluble Zn, 0.92. 


Settling and Filtration 


The change from roasting in Wedge furnaces to suspension roasting 
introduced two major problems in the leaching plant. When all roasting 
was done in Wedge furnaces, settling and filtering equipment was ample 
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for full plant production. After the introduction of suspension roast- 
ing, this was not so. Changed roasting conditions had little effect on 
the acid side of the leaching plant but there was trouble on the neutral 
side. A study was made of the four products resulting from suspension 
roasting: (1) the material discharged from the bottom hearth, (2) that 
caught by the cyclones, (3) balloon flue dust and (4) the recovery from 
the Cottrell plant. The approximate percentages of these products were 
57, 38, 1 and 4, respectively. An empirical laboratory test was developed 
to make comparisons possible. This test was designed to give compara- 
tive results only, but later was found to check very well with plant opera- 
tion. The test is made by acidifying one liter of neutral electrolyte to 
6 grams per liter H.SO, and agitating in a small Pachuca for }4 hr. with 
100 grams of the material under investigation. After agitation the pulp 
is transferred as quickly as possible to a one-liter graduate, where settling 
time, etc., is determined. The results obtained for the different products 
were illuminating (Table 2). 


TABLE 2.—Results of Laboratory Test 


Volume Settled 
Product Percentage Solids per 100 Volume Clear 


of Total Grams Lm Solution, In. 
n. 
Hearth product yocm 0 cletremicleg ac eens 57 2 12 
Cyelone. catch’. io. ee » eevee ok 38 9 5 
Balloon: flue dust:tecs. fh cot ¢s aciaee « 1 10% 3 
CottnellWdnst tear wet aotes oo ate 4 13%6 He 


It was not normal roaster practice to collect balloon flue dust and 
Cottrell dust daily, these products being added intermittently in amount 
much in excess of any one day’s production. Better distribution of these 
two products effected a marked improvement in settling conditions. 
Further investigation showed that when added to the acid side they 
produced no bad effects, and since they have been transferred to the acid 
side, no settling trouble has developed with the plant at full production. 
If necessary, further settling capacity can be obtained by diverting as 
much as may be necessary of the cyclone dust to the acid side. Labora- 
tory work has shown that reroasting these poor-settling products in a 
hearth-type roaster or returning them to the hearths of the suspension 
roaster will cause their settling properties to approach closely those of the 


TABLE 3.—Average Size of Products 


Product Size Range, Microns Theoretical Mesh 
Hearthoproduet 22s. sone sec baaecht ots 60 to 1 200 to 10,000 
CYClONOLCRtCN ic ctanb.t a omc mats 20 to 5 700 to 3,000 


OORDREEL GURU... cv Gacinr arenas fit taake on 6 to 1 2,000 to 10,000 
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original hearth product. A microscopic examination showed the average 
size of these products (Table 3). 

These products all settle quite normally in either an acid solution or 
in plain water. The very poor settling of the Cottrell dust is probably a 
gas-film adsorption phenomenon. 

The effect of suspension roasting on filtration of the plant residues on 
American filters is illustrated by comparative filtering rates in the plant: 
In the year 1928, with Wedge roasting, the rate was 915 lb. per sq. ft. of 
filter area per 24 hr.; for four months in 1931, with suspension roasting, 
it was 197 lb. per sq. ft. of filter area. This is equivalent to 78.5 per cent 
decrease in filter production. 

Research on improving the filtering rate was undertaken. Pressure 
filters of the Kelly type gave only 49 lb. per sq. ft. per 24 hr. This type 
of filter is not adaptable to washing the cake satisf actorily. With ground 
limerock as filter aid, it was necessary to use about 15 per cent of the dry 
weight of residue to obtain any material increase in filtering rate. Filter 
aids such as ‘‘Super Cel” were effective only in amounts averaging 20 per 
cent of the dry cake. Increased temperature improved filtering rates 
materially but as live steam had to be used too much dilution resulted. 

Slacked lime added to the filter feed gave much the best results; 
18.5 lb. of lime per ton of cake improved the filtering rate 66.0 per cent. 
Unfortunately, too much zinc was precipitated to make this method 
economical. Reroasting of the cyclone and Cottrell dusts doubled the 
over-all filtering rate. Changing the filtering medium from wool to 
canvas effected some improvement due to better removal of the very thin 
cake. Roller scrapers on American filters also effected a marked improve- 
ment due to better removal of the cake. 

Varying filter speed from 180 to 75 sec. per revolution was not effec- 
tive, as the cake at the higher speed was too thin to be removed. It was 
known that after the first filtration, successive filtrations became much 
easier, owing to replacement of ZnSO, by water. A small commercial 
Moore filter was installed, and this indicated that if the first filtration 
were made on such a filter the existing installation of American filters 
would be sufficient. Since the present Moore filters were installed in 1934, 
no trouble had been experienced in handling the plant residues at full 
production. The filter rate of the American filters since installation of 
the Moore filters has averaged 310 lb. per sq. ft. per 24 hours. 


Purification Section 


The acid thickener overflow containing the extracted zine together 
with soluble impurities is treated in eight Pachuca tanks, in two series of 
four tanks each section, the bulk of the calcine being added to the first 
Pachuca of each section. The analysis of the acid thickener overflow for 


1935 is as follows: 
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GRAMS PER LITER MILLIGRAMS PER LITER 
H2S0.4 Fe” Fr” AL Cp Cu As $102 SB 


0.9 0.24 1.10 0.169 189 600 18 867 0.7 


The excess of zine oxide brings the solution to a pH of 5.3, at which 
point iron and aluminum are precipitated as hydroxides. Such impuri- 
ties as As, Sb, Ge are adsorbed or precipitated with the iron and finally 
are discarded in the plant rejects. 

The neutral Pachuca discharge is distributed to thickeners, the 
underflow progressing to the acid leaching section. The relatively clear 
overflow (0.5 grams per liter solids) is purified in batches for copper and 
cadmium, with zinc dust at plant temperature, which averages 40° C. 
At Trail temperatures, little cobalt is removed with zinc dust. 

Copper and cadmium purification is made in batches in mechanically 
agitated tanks of 40 water tons! capacity. Zinc dust is added in amounts 
varying from 0.75 to 1.50 grams per liter, the amount depending on the 
final grade of bar zinc required and the type of zinc dust used. 

The removal of cadmium below 3 to 4 mg. per liter, which is necessary 
for making die-casting grade of zinc, is difficult and requires a great 
excess of zinc dust when accomplished in one treatment. Better results 
with less zinc dust can be obtained by purifying in two steps with inter- 
mediate filtration. With 10 to 15 mg. per liter left after the first treat- 
ment, the second will give 1 mg. per liter, or less. 

Plant-scale experiments in adding zinc dust to the intake of a centrif- 
ugal pump have been very successful, both for one-stage or two-stage 
purification. This method is similar to standard cyanide practice and, 
as in cyanide work, very fine zine dust is necessary. Electric-furnace 
dust, mentioned below, is ideal for the purpose. For new construction | 
this method of precipitation would effect substantial savings in plant 
equipment. ‘Two types of zinc dust are in use: 

1. Dust made by atomizing with high-pressure air, the screen analysis 
of which (Tyler) is as follows: 


+20 +48 +100 +150 +200 —200 
0.8 8.4 23.6 9.0 7.8 50.4 


2. Dust made from melting-room dross in an electric-are furnace 
using coke for reduction. This is a very fine product, the average particle 
size being less than 5 microns. The electric furnace has not yet sufficient 
capacity for all plant requirements. This dust, with a metallic zinc 


content averaging 85 per cent, is much more efficient pound for pound 
than the air-atomized dust. 


1 The term ‘‘water ton” represents a volume of 32 cu. ft. 
When assays are reported in grams per liter, conversion to pounds per water ton 
entails only multiplying the assay by two. To illustrate, if the assay is 125 grams per 
liter each water ton of solution will contain 250 Ib., very nearly. 
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For 1935, the analysis of the solution to zinc-dust purification is as 
follows: solids, 1.04 grams per liter; Cd, 242 mg. per liter; Cu, 24 mg. 
per liter; Pb, 12 mg. per liter. 

Cobalt purification is made on the purified solution with nitroso beta 
naphthol. Sufficient solution to maintain the cobalt tenor between 3 and 
4 mg. per liter is treated daily; the average amount purified daily is about 
900 water tons. Nitroso beta nephthol is made in situ from sodium 
nitrite and beta naphthol dissolved in caustic soda. 

The analysis of purified solution fed to the tank room for 1935 is 
as follows: 

GRAMS PER LITER 
Zn 127, Fe” 0.016, Fe’” 0.003, Mn 0.56, CaSO. 1.90, MgSO, 7.0 
MILLIGRAMS PER LITER 
Cd 4.5, Cl chloride 30, Cl total 113, Al 12, Cu 0.11, Pb tr., As + Sb 0.08, Co 3.7, 
SiO, 133, F2 23 
Sp. gr., 1.303. 


The mechanical purifying mixers discharge to thickeners; final 
clarification is made with Kelly filters. The combined solids, thickener 
underflow and Kelly cake constitute the feed to the cadmium plant. 

Impurities in general fall into three classifications: (1) harmless, 
(2) detrimental, (3) beneficial. 

Sodium, potassium and magnesium are examples of harmless impuri- 
ties. Unless they build up sufficiently to displace zinc in solution, they 
cause no trouble. Calcium with its low solubility is harmless chemically, 
but is troublesome mechanically, crystallizing out in pipe lines and 
launders. Manganese in solution serves no useful purpose and is an 
added expense in tank-room operation. As the dioxide, it is useful as an 
oxidizing agent in the leaching plant. 

Elements that lower the hydrogen overvoltage of zinc, such as copper, 
arsenic, antimony, germanium, tellurium and cobalt, cause definite loss 
of current efficiency, some even when present to only the extent of a small 
fraction of one part per million. Antimony, germanium and tellurium 
are outstanding examples. Cadmium up to 150 mg. per liter causes no 
loss of current efficiency but reduces the grade of zinc. Fluorine is 
exceedingly objectionable; it has no effect on current efficiency, but causes 
abnormal cathode aluminum consumption and sticking of the zinc deposit 
to the cathode. No commercially satisfactory method for the removal 
of fluorine from solution is available at present. 

Cobalt in suitable amounts is valuable in reducing the lead tenor of 
cathode zine, and in reducing the corrosion of the lead anode. If present 
in excessive amounts, it causes serious reduction in current efficiency. 
Trail experience is that a concentration of 3 to 4 mg. per liter gives lead 
control with no loss of current efficiency. Generally speaking, the per- 
missible amount of cobalt depends on what other impurities may be 
present and on the acid concentration used. 
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Plant Chemical Control 


In the early days of electrolytic zinc, plant results were usually erratic, 
great variations in current efficiency being the order of the day. It was 
generally recognized that pure zinc sulphate was essential to good current 
efficiencies. Ideas on what constitutes a pure solution have been subject 
to great revision in recent years. For instance, a statement 20 years ago 
that 14 part per million of some impurity would seriously affect current 
efficiency would have been treated with at least considerable scepticism. 
In recent years the analytical chemist’s idea of what constitutes a ‘“‘trace”’ 
has been greatly modified; in those days anything less than 0.10 per cent 
might be reported as trace or nil; now solution assays are regularly 
reported in parts per million or fractions thereof. 

The failure of the Ashcroft process at Cockle Creek, N.S.W., in 1896 
has been attributed to the unrecognized presence of cobalt. In more 
recent times the East St. Louis plant of the Evans-Wallower Co. ran into 
serious trouble from an unidentified impurity; i.e., germanium?. 

While the effect of nearly all possible impurities is now known, together 
with their permissible concentrations, it is obviously impossible to control 
the daily purity of solutions by analytical means only. The determina- 
tion of most impurities with the degree of accuracy necessary is time 
consuming, also the quantities involved may be beyond the range of 
commercial analysis with the time usually available. The zine electro- 
lytic cell itself is the most sensitive method available for testing solution 
purity. The laboratory cell when operated under closely controlled 
laboratory conditions will indicate the presence of abnormal impurities 
that might take several days to isolate chemically, and frequently the 
appearance of the deposit will indicate the offending impurity. 

Daily control in the leaching plant consists principally in maintaining 
a set of conditions that previous research and experience has demonstrated 
will consistently yield a properly purified solution. Maintenance of 
correct acidity, the necessary amount of iron in solution, and its proper 
oxidation are the main points. The variations in impurities removable 
by zine dust are not great, so the quantity necessary can be regulated by 
the grade of zinc desired. All necessary chemical determinations are 
made with sufficient accuracy by plant operators. Twenty-four-hour 
composite samples, only, are analyzed in the assay office. The control 
of slowly cumulative impurities, such as chlorine and cobalt, is regulated 
by assay. 

Daily samples of electrolyte are tested in the laboratory for current 
efficiency, anode corrosion and cathode corrosion. Daily samples of 
calcine are also checked for settling. 


* Trans. Amer. Electrochem. Soc. (1930) 57, 279. 
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Current Efficiency—Two methods are in use for checking current 
efficiency. The quick method as outlined by F. E. Lee and A. H. W. 
Busby? takes about 34 hr. and indicates any serious irregularity in the 
electrolyte. The other method consists in 18-hr. electrolysis in one-liter 
beakers, the current efficiency being determined against a solution of 
known purity and current efficiency, all cells being in series. New lead 
anodes are invariably used, as they are much more sensitive to changes 
in solution than stabilized plant anodes, and may show a falling off 
in current efficiency that will not show up in the plant. This provides 
a safety factor. 

Anode Corrosion.—A new lead anode is run for 18 hr. between two 
cathodes.. The anode is cleaned and the loss in weight is determined. 
It is also carefully examined for corrosion. Any abnormal corrosion, 
usually on the solution line, is readily detected by eye. These tests are 
started at 10 grams per liter acid, and finish at plant acidity. It has 
been proved that under these conditions corrosion will be in evidence in 
the laboratory when none is taking place in the plant; thus giving 
information that plant conditions are approaching the critical stage. 
Chlorine compounds are the only ones definitely destructive to anodes, 
as far as Trail experience goes. 

Cathode Corrosion.—Aluminum strips of definite area are suspended in 
both laboratory and plant acid electrolytes for 24 hr., at reasonably 
constant temperature. The loss in weight is calculated to grams per 
square foot per 24 hr. C.P. acid electrolyte has a rate between 0.3 and 
0.35. An increase to, say, 0.40 to 0.45 is definite evidence of the presence 
of fluorine. This corrosion rate is at least as accurate as analysis in 
determining the presence of fluorine, especially in very low concentrations. 
The corrosion rate for solutions saturated with fluorine will average plus 
or minus 6.0 grams per sq. ft. per 24 hours. 

Settling Rates—The method employed has already been outlined. 

Customs Ores.—All customs concentrates are thoroughly tested in the 
laboratory before acceptance. They are roasted, leached, the solution 
purified and the current efficiency determined. The acid solution is 
analyzed for the usual impurities. Spectroscopic examination is also 
made to detect such impurities as germanium, tin, etc. Laboratory 
technique has been developed to simulate closely plant conditions. 


Leaching-plant Equipment 


The total volume of solution is plus or minus 15,000 water tons; the 
daily production of finished electrolyte for full production averages 5000 
water tons. 
ee Se ae 

3 Trans. Electrochem. Soc. (1931) 60, 197. 
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Acid Side, Sulphide Leaching Plant.—On the acid side the principal 
items of equipment are as follows: 

Pachuca agitators: seven in series. Same construction as on the 
neutral side (q.v.). ‘Tops covered and vented to reduce fog. 

Thickeners: 8 thickeners, 50-ft. diameter by 12-ft. stave. Capacity, 
each 530 water tons. Area, each 1960 sq. ft. Total area 15,680 sq. ft. 
Construction: tank, stem and arms, Douglas fir; rakes, maple; bolts, 
copper. Speed, 1 revolution in 8 min. Spigot handled by diaphragm 
pumps. Density controlled by hydrometer readings. 

Moore filters: five concrete tanks, 10 by 24 by 15 ft.; two baskets of 
29 leaves, each 8 by 6 ft.; 5800 sq. ft. of filtering area. Filtering medium, 
12-0z. canvas on cocoa mat backing. Life of canvas, 40 days. Frames, 
1-in. heavy-wall copper tubing, with bronze fittings. 

American filters: seven filters, each six-disk, 8-ft. 6-in. diameter, 10 
leaves per disk. Canvas area each filter, 600 sq. ft. Total 4200 sq. ft. 
Staybrite steel tanks. Hard lead plate valves with Bakelite wearing 
faces. Wooden roller cake discharge. Speed, 1 revolution in 2 min., 
9sec. Filter medium, 12-0z. canvas on cocoa matting. Filter frames and 
central drum of bronze. 

Vacuum pump installation: Ingersoll-Rand pumps, six of 2000-cu. ft. 
per min. displacement, two of 2500 cu. ft. per min. displacement. All 
driven by 75-hp., 900-r.p.m. motors through Lennox or Tex-rope drives. 

Neutral Side, Sulphide Leaching Plant.—On the neutral side the follow- 
ing equipment is used: 

Pachucas: 12 Pachuca agitators, each 10 ft. in diameter with 30-ft. 
staves and 10-in. wooden central column. At present eight are in use 
operating in two series of four each. 

Classifiers: three Dorr Duplex classifiers. Wooden tanks and iron 
rakes. Rakes, 16 ft. long, 23 in. wide. Speed, eight strokes per minute. 

Thickeners: 17 neutral thickeners. Total area 21,130 sq. ft. Total 
capacity 5410 water tons. Size, etc., shown in Table 4. Tanks and 
stems, Douglas fir. Arms and rakes, steel. Bottoms are built up to 
arms with sand. Two of the 50-ft. thickeners have the sand bottom 
surfaced with 2 in. of gunite, a distinct improvement when cleaning out. 
The underflows of five thickeners are handled through diaphragm pumps, 


TaBLE 4.—Thickener Data 


Nemb f ; Rake Speed, Capacity of 
Thick pet Diameter, Ft. Stave, Ft. = prc pork Coad Bach, Water ae fag see? 
5 32 12 4.5 200 800 
9 40 12 4.5 280 1,250 
1 50 12 8.0 530 1,960 
2 50 15 8.0 680 1,960 
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the remainder by hoses discharging to a central sump. Density is 
controlled by hydrometer readings. 

Purifying mixers: 16 purifying mixers, each 10-ft. diameter by 18-ft. 
stave. Capacity, 38.5 water tonseach. Agitated by wooden impeller on 
8 by 8-in. wooden stem. Overhead drive, stem supported by bronze step 
bearing. Speed, 40 r.p.m. Discharge through 6-in. valves to common 
8-in. manifold. 

Kelly filters: 14 filters, five 4 by 10 ft., 450 sq. ft. filtering area; nine 
5 by 14 ft., 800 sq. ft. filtering area. Steel construction with 10 leaves to 
each filter. Leaves made up from iron pipe. Filtering medium, canvas 
backed by cocoa matting. Feed by centrifugal pump from common 
8-in. header. Normal pressure, 50 to 60 lb. per sq. in., maximum 80 Ib. 
per sq. inch. 

Neutral electrolyte storages: unlined tanks, two 60-ft. diameter by 
12-ft. stave, delivering by gravity to tank rooms. 

Ball mill: one mill, 6 by 6-ft. manganese-steel liners, using 214-in. 
cast-iron balls. Feed consists of roaster crusts and balls, plant cleanup 
and manganese dioxide scale when required. 

Pumps: See page 737. 


ELECTROLYTIC DEPARTMENT 


The installed electrical equipment has a capacity of 54,550 kw., 
made up as follows: 
13 double motor-generator sets, each 4000 amp. @ 125 volts 500 kw. 


10 rotary converters, each 4500 amp. @ 550 volts 2475 kw. 
3 mercury arc rectifiers, 9000 to 10,000 amp. @ 560 volts 5600 kw. 


The average current density is 40 amp. per sq. foot. 

Electrical units consist of 36 cells arranged in four cascades of nine 
cells each. Four units in series, totaling 144 cells, make one group. 
Two rotary converters or one mercury-are rectifier supplies the power for 
one group. This gives a power from 9000 to 10,000 amp. and 550 to 560 
volts on the bus line. Cells are cast in pairs with a common central wall, 
so that a unit consists of two rows of double cells. There are four spare 
units for the mercury-are and rotary-converter groups, 50 arranged that 
any unit in these groups can be cut out for cleaning and repairs. Cells 
are connected electrically in series, the electrodes in each tank being in 
parallel. All units are supplied with crane equipment to facilitate cell 
handling, cleaning and repairs. 


Cell Construction 


Until 1932 all electrolytic cells were of concrete construction with 
sulphur-sand lining. This type of cell is reasonably satisfactory but is 
high in maintenance cost. Rubber-lined experimental cells proved so 
satisfactory that 55 per cent of the present tanks are concrete with rubber 
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lining vulcanized in situ. The outside of these tanks is protected with 
either 3-lb. lead sheet or rubber. 

The remaining sulphur-sand lined tanks are now being replaced by 
‘‘Prodorite’’ tanks, which promise to have a very long life. The Prodor- 
ite tanks are cast in one piece with special equipment designed for 
this purpose. 

While Prodorite has been used in Europe for some years, for acidproof 
tile and sewer pipe, etc., its development for large castings such as 
electrolytic tanks was pioneered at Trail. Briefly, the plant consists 
of a stone heater, Prodorite pitch-melting pot, a mixing box and a steel 
tank mold. The composition of tanks as cast at present is: Prodorite 
pitch, 7.7 per cent; asphalt, 220° F. melting point, 2.6 per cent; quartz 
flour, 18.0 per cent; quartz sand, 31.7 per cent; quartz pea gravel, 40.0 
per cent. Reinforcing wire required, 180 sq. feet. 

The first tanks cast were made without asphalt or reinforcing wire. 
There was a tendency towards cracking which entailed patching to ensure 
a waterproof tank. Experiments with different percentages of asphalt 
resulted in developing the mixture now used, which in combination with 
reinforcing wire produces a thoroughly satisfactory tank. The tank tops 
are dressed with sulphur sand to ensure a smooth bearing for the bus bars. 
The present mixture equals concrete under compression and exceeds 
concrete in tensile strength. 


Electrodes 


Anodes are of cast, refined lead, 14 in. thick, with over-all area of 10.9 
sq. ft. having a submerged area of 9.2 sq. ft. There are 24 anodes 
per tank. The life is considerably in excess of three years. The chemical 
analysis of the lead used is as follows: Ag, 0.0003 per cent; Cu, 0.0005; Sb, 
0.0007; As, tr.; Bi, 0.0003; Pb, 99.998. Discarded anodes are melted 
and the metal is recast. Anodes are integral with the lead-covered bus 
bar, being welded thereto, thus ensuring constant spacing. The whole 
assembly can be raised by crane when necessary. 

Cathodes are of high-grade aluminum sheet 349 in. thick, having the 
following guaranteed analysis: Si, <0.25; Fe, <0.25; As, nil; Sb, nil; Cu, 
<0.10; Al, 99.5 per cent. The over-all area is 12 sq. ft., of which 9.4 sq. 
ft. is submerged. There are 23 cathodes per tank, electrically connected 
to copper bus bars by a pressure contact. Cathode life is in excess of one 
year at present. Correct spacing of cathodes is ensured by two spacing 
sticks of hard wood. ‘These are slotted to fit over the lower ends of the 
anodes. There is also a cathode slot centrally spaced between two 
anodes. This arrangement (Fig. 4) facilitates setting and ensures perfect 
spacing at all times. 

Wooden strips slotted to fit over the cathode edges are used to facilitate 
stripping of the deposit. Spacing between anodes is 3 in. center to center. 
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Cell Operation 


Tank cleaning is done on a 10 to 17-week cycle. Cleaning is necessary 
when precipitated MnO, accumulating in the bottom of the cells causes 
shorting and lowered current efficiency. When necessary some anode 
cleaning is done with a special scraper while the unit is in operation, which 
materially increases the length of the cleaning period. 

Electrolyte is fed to each cell individually; the overflows are cumula- 
tive. Acidity is regulated by hydrometer readings. It is customary to 
plate out 55 per cent of the zinc per cycle. Cathodes are stripped once in 
24 hr. Attempts to extend the plating period to 48 hr. result in a loss of 
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Fig. 4. SPACER STICK FOR ELECTROLYTIC CELLS. 


current efficiency of from 2 to 4 per cent. The loss in current efficiency 
for periods longer than 24 hr. is due principally to the increased roughness 
of the deposit, which tends towards the formation of “trees.” Once 
treeing starts, points of high current density develop, which ultimately 
result in shorts and loss of current efficiency. Wide spacing between 
anode and cathode improves 48-hr. efficiency materially. Plant results 
here have shown clearly a great improvement for 4-in. spacing over 3-in. 
spacing for 48-hr. deposition. Cathodes are pulled individually and 
stripped by hand beside the tanks. The average pull per man-day is 
about 5 tons. 

Glue is added continuously to the feed solution at the rate of 0.20 to 
0.30 Ib. glue per ton of cathode zinc. Glue tends to reduce the formation 
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of trees and appears toexert a stabilizing effect on solutions slightly below 
par in purity. The tendency at Trail is towards reduction in the amount 
of glue used. With the greater purity of electrolyte now normally 
produced, glue is not so important as it was in the earlier days of electro- 
lytic zinc. At present there are several units that have operated very 
successfully for several months without any glue. 

“‘Goulac” or ‘Lignol,’”’ which is a by-product of the paper industry, 
appears entirely satisfactory as a substitute for glue. Goulac is approxi- 
mately half the price of glue. At present it is being introduced gradually, 

replacing glue. 


Cell Temperatures 


Control of cell temperature is an important 
Overflow pnart of cell-room operation. The effect of 
«/da, impurities on current efficiency is in direct 
proportion to rise in temperature. The con- 
ductivity of the electrolyte decreases with 
Overflow temperature drop. The available water supply 
and its temperature and cost also affect the 
Overflow cooling problem. For Trail conditions the 
ect dia, optimum temperature for cell operation is 35° 
C., which is maintained with lead cooling coils. 
A cooling water circuit cools three cells by 
Overflow means of six cooling coils. Each coil is 33 ft. 
long by 1% in. outside diameter, with }¢-in. 
Overflow wall, giving a cooling area of 65 sq. ft. per cool- 
Ida, 1g unit of three cells. The water used per 
feed cooling unit approximates 84 gal. per min., 
Bg, PNT ATS ee making a total for all tank rooms of 6,500,000 
COOLING COTS AND WIPES Imperial gal. a day. The temperature differ- 

ence between inlet and outlet averages 10° C. 
The range of cooling-water inlet temperature for a year is between 1° 
and 18° C. In the tank-room section using ‘‘oxide”’ electrolyte, cell 
temperatures are kept as low as possible. This materially reduces the 
corrosion of aluminum due to fluorine. Decreased conductivity of the 
solution is the limiting factor in temperature control in this section. 
Fig. 5 shows the arrangement of one cooling system. 

Of the total zinc cathode production, 75 per cent is made from 
“sulphide” solution and 25 per cent from ‘‘oxide.” Because of 
the presence of fluorine in the latter, the two solutions are kept 
entirely separated. Fluorine causes abnormal corrosion of aluminum 
cathodes and is responsible for sticking of the zine deposit to the 
cathode. 
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Sticking, and Corrosion of Aluminum Cathodes 


From the beginning of operations at the Trail plant in 1916 until 1930, 
sticking of the zine deposit to the aluminum cathode was an intermittent 
phenomenon, varying in intensity, becoming so severe at times that dis- 
solving in acid was the only possible method of removing the zinc. 
During this period no explanation of the phenomenon was found, despite 
much research. 

When fluorine was added to the electrolyte, sticking ceased being 
intermittent and became continuous. This suggested that fluorine was 
probably responsible. Plant results appeared to amply verify this 


Fic. 6.—CorroDED INNER CATHODE FACE OF ZINC DEPOSIT. 


assumption; with reduction of fluorine in the sulphide circuit, sticking 
gradually diminished and gave no trouble with fluorine at 30 mg. per 
liter or less. 

It was noted later that a little spasmodic sticking occurred from time 
to time, which could not be explained by fluorine. Observations showed 
that this occurred only where some corrosion of the cathode zinc had 
taken place. This suggested what now appears to be the true explanation 
of sticking; namely, that conditions that cause an intensive attack of the 
aluminum will result in sticking. This hypothesis has been demonstrated 
on a plant scale, by adjusting cobalt and acidity so that some corrosion 
of the zinc occurred. This type of corrosion starts at the aluminum 
cathode side of the deposit, and causes intensified corrosion in spots. 
Sticking occurs at these corrosion centers. 

A photograph of the inner cathode face of a zinc deposit illustrates the 
type of corrosion mentioned (Fig. 6). None of the holes went entirely 
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through the deposit, but sticking on some of the centers was so intensified 
that some zinc actually remained in a circle on the aluminum. 

Several methods have been developed for control of sticking: 

1. Applying a thin slurry of ground anode scale (MnOz, etc.) in tank- 
room feed to the aluminum-cathode surface. This method has been 
used continuously in the plant and has caused surprisingly little loss of 
current efficiency. The action of this slurry is somewhat obscure, as a 
similar slurry made from MnO, ore not only does not prevent sticking 
but actually accentuates it. 

2. Insulating the cathode in the tank for a short period, averaging 
30 sec. to 1 min., before making electrical contact effectively prevents 
sticking. This method is standard procedure at present in the oxide 
circuit. Probably a thin film of aluminum sulphate forms on the cathode 
before electrical contact is made and prevents sticking. The action of 
aluminum sulphate in preventing corrosion and sticking was discovered 
at Trail, and is covered by Canadian Patent 333914. 

3. Various waxes and gums dissolved in gasoline and applied to the 
cathode will prevent sticking, but these are difficult to control and 
constitute a serious fire hazard. 

When the oxide plant started operation, the “sulphide” and ‘‘oxide”’ 
solutions were combined. For five years previous, the consumption of 
new aluminum averaged 3.2 lb. per ton of cathodes. Fluorine from the 
oxide practically trebled this figure. Separating these solutions auto- 
matically reduced the corrosion by fluorine 75 per cent, after the “‘sul- 
phide”’ solution had been freed of fluorine. Fluorine was removed by 
precipitation with milk of lime. This is not very efficient, but is the only 
commercial precipitant available. There is some elimination of fluorine 
by the anodes. Discarded cathodes from the sulphide side are now cut 
down to 2814 by 22 in. and used on the oxide side instead of new alu- 
minum. The cell size and electrical equipment allow this to be done 
without unduly raising current density. While the aluminum con- 
sumption has not yet definitely reached equilibrium, it appears after a 
year’s operation that the present consumption of new aluminum will not 
exceed the pre-fluorine period figure of 3.2 lb. per ton of cathodes produced. 


Corrosion of Anodes 


Anode life is welt over three years. At only one period in the plant’s 
history was serious anode corrosion encountered. During 1931 anode life 
was reduced to less than six months, because of excessive chlorine in the 
electrolyte, principally present as perchloric acid, which does not report 
in the customary method of chlorine determination by precipitation with 
silver nitrate. There was present over 400 mg. per liter chlorine, only 
10 per cent of which was in the form of chloride. During that period of 
high anode corrosion the lead content of the cathodes was not abnormal. 
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Oxidation to perchloric acid takes place at the anode. The amount 
of perchloric acid produced is a function of the chlorine content of the 
solution and the oxidizing potential of the anode. New anodes produce 
much more perchloric acid than old ones, therefore many new anodes 
should not be installed at one time, especially when the chlorine content 
of the solution is high. Trail experience is that with chlorine as chloride 
at 30 to 40 mg. per liter the production of perchloric acid is negligible. 
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Fig. 7..ARRANGEMENT OF TANKS AND CROSS SECTION OF A TANK. 


Table 5 shows the deportment of chlorine with old and new anodes dur- 
ing electrolysis. 


Tape 5.—Percentage Distribution of Chlorine after Electrolysis* 
New Anope Awnope 100 Days Oup 


Liberated aS ZAS........002eeeserceccceceseeres 6.9 18.0 
As perchlorate. ... 0.5.0. eccs ce snes reese rcress 58.5 30.2 
Eas Gal idlos gn eee eaerd oa oe ee Oia rere 34.6 51.8 


«The head solution before electrolysis contained 128 mg. per liter chlorine as 
chloride. 

All normal production of cathodes is of A grade. The requirements 
of the die-casting industry call for zinc of lower lead and cadmium content 
than A grade. The desired grade in lead is obtained by “cropping,” 
cadmium being controlled in the leaching plant. 

The lead content of cathode zinc, other conditions being constant, 
increases slowly with the time the anode has been in use since cleaning. 
For die-casting grades, cathodes of the requisite lead content are segre- 
gated and melted separately. This constitutes the ‘‘cropping”’ operation. 
The cobalt content of the electrolyte is also of prime importance. 

Electrolytes are fed to the tank room by gravity from three storage 
tanks, each 60 ft. in diameter, two for the “sulphide” solution and one for 
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the “oxide” solution. Spent acid electrolytes from the sulphide and 
oxide sections are pumped separately to their respective lead-lined 
storage tanks, which deliver by gravity to the sulphide and oxide leaching 
plants. The analysis of the electrolyte produced in 1935 is given 
in Table 6. The over-all current efficiency for the year 1935 was: 
sulphide, 92.3 per cent; oxide, 90.9 per cent. 


TaBLE 6.—Analysis of Electrolyte Produced in 1935 


Grams per Liter Milligrams per Liter 


&: | gn] Fe” | Fe” | Mn] CaSOs | MgSOa| Cd Chilo; | Tet.) al] Cu | Pb | As+ Sb] Co |SiOs| Fs 


Sulphide feed..... 1.303]127|0.016/0.003/0.56] 1.90| 7.0 | 4.5) 30 | 113) 12/0.11) Tr.) 0.08 |3.7 | 133) 23 
Oxide feed....... 120/0.021/0.005/1.10) 2.10] 2.6 |10.0| 64 | 142/124/0.22/0.80) 0.19 (0.20 570 


Sulphide acid..... 54 
Oxide acid....... 


24 


CapDMIUM_PLANT 


Cadmium occurs only as an impurity in zine ores; very few zinc ores 
are entirely free of it. The usual range for concentrates tributary to 
Trail is 0.10 to 0.30 per cent Cd. Sullivan zine concentrates average 
0.18 per cent. The main supply for the cadmium plant is from the zinc- 
dust purification residues of the sulphide and oxide plants. A material 
amount is also recovered from the Cottrell plants and flues at the lead 
smelter. Cadmium resembles zine in forming ferrites during roasting. 
A substantial recovery of the insoluble cadmium is made at the smelter 
in the zine oxide fume, flue and Cottrell products. 

In Europe, until recently, cadmium was largely recovered by fractional 
distillation, which produces a relatively low-grade product. On this 
continent hydrometallurgical recovery is the rule, the product averaging 
99.95 per cent cadmium. There are no recognized limits for impurities 
in cadmium. Thallium is reported to be particularly objectionable. 
Trail electrolytic cadmium is further refined by the research department 
and a grade higher than 99.999 per cent Cd is made. It is spectro- 
scopically pure and is being supplied for spectroscopic standards. 


Recovery from Zine Concentrates © 


The flow sheet of the cadmium plant at Trail is given in Fig. 8. 

Soluble cadmium in zine calcine goes into solution with zinc, and is 
recovered together with copper, etc., by precipitation with zinc dust. 
This zinc-cadmium-copper product is the raw material for cadmium 
production. Its average analysis is Ag, tr.; Cu, 1.91 per cent; Pb, 3.7; 
Zn, 69.5; Fe, 0.2; Cd, 8.3; Co, 0.02; In and Tl are present. 
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This product is given a finished leach with acid zinc electrolyte, taking 
the zinc and cadmium into solution and leaving the copper and lead in the 
residue. Leaches are finished to a constant acid concentration of 8 to 
10 grams per liter H,SO,. The leached residue assays: Zn, 6.5 per cent; 
maize, 10:7: 


CADMIUM SOLUTION SPONGE 
SULPHURIC ACID: From leaching plant From oxide plant 
ZINC SLABS 
oa Y | y i 
PRECIPITATORS (Steam heated) 
SPONGE OVERFLOW 
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VACUUM FILTER BOX 


WASH 
SPONGE 


STORAGE (Oxidation) 


KMnO | ——<-— 
CaO Y 
nt MECHANICAL AGITATOR (Steam heated) 
——> 
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5 
MECHANICAL AGITATOR (Steam heated) 


KELLY FILTER 


FILTRATE RESIDUE 
To oxide circuit 


ELECTROLYSIS 


CATHODES RETURN ACID 


WASHED AND DRIED 


25 PER CENT 715 PER CENT CAUSTIC SODA 


PRIMARY MELTING FURNACE 


CAUSTIC SODA ROUGH BARS SLAG 
FINISHING FURNACE DISSOLVING BO 

CAUSTIC SODA 
SLAG METAL DRILLS 


RE-TREATMENT FURNACE 
CADMIUM METAL 


To market SLAG 


METAL 
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This residue is returned to the acid side of the sulphide plant for 
further leaching and finally reaches the smelter with the other zinc- 
plant rejects. 

The solution from leaching the primary cadmium cake is as follows: 
H.80,, 10.5 grams per liter; Fe, 0.97; Mn, 0.87; CaSOu, 2.4; MgSO,, 3.3; 
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Cd 7.5 grams per liter; Cl, 42 mg. per liter; Cu, 1.5; As + Sb, 1.8; Co, 
15 mg. per liter. 

The cadmium is precipitated in sponge form on suspended bars of zinc 
in lead-lined tanks, in which the solution is heated to 70° to 75° C., by 
steam coils. The sponge produced floats and is recovered largely from 
the surface of the tanks. After precipitation solution assaying H»SO, 
1.5 and Cd 0.35 grams per liter is returned to the main leaching plant. 
When necessary cobalt is removed by the copper-arsenic zinc-dust method. 

Free acid greatly improves the precipitating rate and prevents the 
formation of basic salts and contamination of the sponge. The cadmium 
sponge is precipitated on bars of zinc in preference to atomized zinc. 
While the efficiency of the bars is lower, a much higher grade of sponge is 
produced. Recently experiments with electric-furnace zinc dust have 
given results comparable to precipitation on bars, and much improved 
zinc efficiency. The sponge is thoroughly washed with water in vacuum 
boxes and stored for some weeks to allow some oxidation. Unoxidized 
sponge is very difficult to dissolve. Sponge assays: Cd, 75.0 per cent; 
Zn, 5.0 per cent. The oxidized sponge is dissolved in return acid from 
the cadmium electrolytic cells and after purification forms the feed to 
the electrolytic cells. 

Fortunately cadmium deposition is relatively unaffected by amounts 
of various impurities that would seriously affect zinc deposition. It is 
practically impossible to wash all the entrained zinc from the cadmium 
sponge, so zinc is a cumulative impurity in the electrolytic cycle. Zinc 
is controlled by preferential precipitation with milk of lime. It is only 
necessary to maintain the zinc tenor at a point where there is an excess 
of cadmium over zinc in the spent electrolyte of 10 to 15 grams per liter. 
Other impurities, such as cobalt, arsenic, antimony, thallium, etc., are 
removed when necessary by potassium permanganate purification. 
Analysis of the cadmium electrolyte is given in Table 7. 


TaBLE 7.—Analysis of Cadmium Electrolyte 


Grams per Liter Milligrams per Liter 


Zn | H2SO4] Fe | Mn | CaSO«u | MgSOu| Cd} Cu | As + Sb| Co 


Cell feed nee he's cutter ate 31) nil /0.02/0.21) 2.2|] 8.3 |177/1.4] 0.3 | 63 
Cell discharge............ 31) 65 0.17; 2.2] 8.3 |104)0.70) 0.3 | 62 


Cadmium electrolytic equipment, cells and electrodes are the same as 
those used for zinc deposition. The current density is 4.00 amp. per sq. 
ft. Cadmium tends to form “trees,” which makes necessary this very 
low current density. The optimum temperature for electrolysis is 30° C. 
Cooling is seldom necessary in the summer and during the winter it is 
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frequently necessary to use steam in the cooling coils, to maintain the 
temperature. Solutions that are too cold produce excessive trees. 

Forty-eight-hour deposits are made with a current efficiency of 85 to 
90 per cent, trees being removed after 24-hr. deposition. Cathodes are 
washed with water, rolled in bundles as tightly as possible, dried in an 
electric drier, melted under caustic soda in a bottom tap pot, and cast 
in 70-lb. bars. These rough bars are remelted in a separate pot under 
caustic, and cast in shapes to suit trade requirements. Pencils, balls, 
anodes, bars and rolled sheets are regularly produced. Melting recovery 
averages 95 per cent. Of the 1935 production, 67.5 per cent was sold in 
pencil form. Pencils are 14 in. in diameter and 10 in. long. As pencil 
casting is both slow and expensive, extrusion has been experimented with, 
and found quite feasible. 

Trees are briquetted in a screw hand press and are melted with the 
cathodes. Formerly slags were water-leached and the metallics there- 
from were dissolved in cadmium acid electrolyte; now cadmium slags are 
acid-leached in the overflow of the electrolytic units. Analysis of cad- 
mium produced is: Pb, 0.025 per cent; Cu, 0.005; Zn, 0.006; Fe, 0.0004; 
Cd, 99.964 per cent by difference. 


OxipE LEACHING PLANT 


The oxide leaching plant is devoted to the recovery of metallic zinc 
from the zinc oxide produced by re-treatment of the smelter lead blast- 
furnace slag. This section started operation in 1930 and has been in 
continuous operation since then. The development of the process, the 
difficulties encountered, the impurities found, and their effect, have been 
covered in some detail in a paper by Hannay and Bryden‘. 

The oxide plant differs in two ways from the sulphide plant. First, 
there is no return from the neutral circuit to the acid side. The amount 
and nature of the impurities, most of which are collected by the iron 
precipitation, are so great that any return to the acid circuit would involve 
building up a cycling load. Second, the final purification is made at 
elevated temperatures, 70° to 75° C. Some copper is added as sulphate, 
and much more zinc dust is required, 3 to 5 grams per liter. 

The flowsheet of the plant as developed to date is shown in Fig. 9. 
No major changes in treatment have been made since the original flow 
sheet was published. Three minor changes have been: 

1. Shriver presses have replaced Kelly filters for the filtration of solu- 
tion from final purification, and have proved entirely satisfactory. 
Paper with canvas backing is the filtering medium employed. 

2. A partial leach of the neutral thickener underflow is now made, 
which materially reduces the percentage of true acid-soluble zinc. The 
neutral thickener underflow is treated in mechanical agitators with return 


4 Trans. Can. Inst. Min. and Met. (1934) 87, 141. 
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tank-room acid; the amount of acid used is controlled to ensure neutrality 
in the finished leach. Slightly more than the theoretical amount of zinc 
dust is added to preferentially precipitate copper, thereby saving pump 
and press corrosion. If an excess of acid has been used, it can be neutral- 
ized by limerock, or more neutral thickener underflow can be added. 

3. The final zinc-dust purification residue is now leached and the 
cadmium sponge precipitated in the oxide plant, only finished cadmium 
sponge being sent to the cadmium plant. This ensures keeping practi- 
cally all the fluorine out of the sulphide circuit. Purification residues 
from the cadmium electrolytic circuit also are now returned to the oxide 
plant for the same reason. There is a very marked concentration of 
fluorine in the cadmium products of the oxide plant, assays ranging from 
1.0 to 3.5 per cent fluorine. 

The oxide plant uses an average of 27 tons of sulphide calcine daily 
for neutralization of the acid circuit. Neutralization with oxide fume 
has been tried from time to time, but owing to considerable variations 
in the contained impurities and to their appreciable solubility in neutral 
solutions, fume for neutralization has not been satisfactory. Until 
recently, calcine was delivered to the oxide plant by cars, which involved 
much dusting, but a satisfactory method of transfer by air pressure has 
been developed. The essentials are a pressure storage tank, a pipe line 
and a receiving bin. The pressure tank is 14 ft. by 4 ft. in diameter; 


TaBLE 8.—Assays of Fume, Products and Solutions of Oxide Plant 


Gu, | Pb, | Zn, | Total | Stk | sis, | Fe, | Mn, | Ca0,| Cd, | As, | Sb. 
Per | Per | Per |S, Per g P Per | Per | Per | Per | Per | Per | Per 
Cent | Cent | Cent | Cent CG eae Cent | Cent | Cent | Cent | Cent | Cent | Cent 
Fume from baghouse........ 0.06 } 9.6 | 67.7 | 0.9 0.9 0.4] 0.20 | 0.05 | 0.2 | 0.07 | 0.09 | 0.09 
Fume from flues........---- 0.09 | 16.6 | 57.2 1.4 se] 2.2 | 0.80 | 0.06 | 0.3 | 0.07 | 0.17 | 0.09 
Fume from boilers..........- 0.19 | 16.6 | 44.4 0.7 0.5 9.1 5.7 | 0.15 1.7 | 0.04 | 0.10 | 0.09 
Plant residue...........--+- 0.24 | 83.5 9.3 3.3 13.0 | 0.79 | 0.7 | 0.12 | 0.30 | 0.31 


pee) DEA Se oe Se Ee 
SEE EEE es: ara eer 


Grams per Liter Milligrams per Liter 


Solids | H2SO« 


0.07 1.90 |41 357 | 482 | 97 |28 84 
0.01 Tr. 0.60 | 357 | 482 | 33 | 0.10} 84 


Acid Pachuca discharge........--.+- 28.1 1.8 
Neutral thickener overflow.........- 0.50 nil 


Grams per Liter Milligrams per Liter 


a eee Se Se ee] nn RT ee 


Cu | As-+ Sb} Chlor- | Tot-| pp} ca | Al | Co | Fe 


In | Mn| Fe’’| Fe’’”| CaSOs | MgSOa ide Cl | Cl 


0.22} 1.9 64 142 |0.80} 10 | 124/0.20) 570 


Purified solution...... 120 ed 0.005) 2.1 2.6 
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capacity 7% tons. It is filled by gravity from calcine-storage bins. The 
pipe line consists of 400'ft. of 3-in. pipe, with a rise of 50 ft. The receiv- 
ing bin is equipped with filter-cloth bags for air release. Air is 367 cu. 
ft. per min. at 77 lb. pressure. Average time of blow is 25 minutes. 

At first, oxide and sulphide electrolytes were combined, but fluorine 
caused very severe cathode corrosion and “‘sticking”’ over the tank rooms. 
Since October, 1933, the two solutions have been completely separated. 

Assays of the fume and the main products and solutions in the oxide 
plant are given in Table 8. 


Oxide Leaching Plant Equipment 


The principal items of equipment are as follows: 

Acid Side—Five Pachuca tanks operating in series, connected by 
10-in. wood-stave pipe; staves of Douglas fir, 10 ft. in diameter by 30 ft. 
Bands lead covered. These tanks are covered and vented through the 
roof. Venting reduces moisture in the building, and a little SO, is also 
present at times. 

One Dorr thickener, 50 ft. in diameter by 15 ft.; staves of Douglas fir. 
Capacity 690 water tons. This tank is used only as a surge tank between 
the acid and neutral circuits. 

Two acid-storage tanks, lead lined; 60 ft. in diameter by 11 ft. 4 in. 
deep. Capacity 1000 water tons each. 

Neutral Side.—Five Pachuca tanks of the same construction as the 
acid Pachucas, operating in series. 

Three 50-ft. Dorr thickeners, operating on the neutral Pachuca dis- 
charge. These are of the same size and construction as the acid thickener. 

One 50-ft. Dorr thickener, acting as a surge tank between the neutral 
thickeners and the purifying mixers. Solution from the electric solution 
heaters is discharged to this tank, which is covered, and vented through 
the roof. 

One 50-ft. Dorr thickener, acting as a surge tank and thickener 
between the purifying mixers and the Shriver presses. 

Seven purifying mixers, 10 ft. in diameter with a capacity of 38 water 
tons each; 16-ft. staves of Douglas fir. Stem 8 by 8-in. carried on a 
ball-thrust bearing on top and a bronze step bearing on the bottom. 
Two impellers of hardwood, 4 ft. long. Drive by 7144 back gear motor 
through a Tex-rope drive. 

One purifying mixer, 15-ft. diameter by 15 ft. 6-in. stave. Construc- 
tion similar to the 10-ft. mixers. 

Five Kelly filters, 5 ft. in diameter by 14 ft. long. Filtering area, 
800 sq. ft.each. Filtering medium F-16 canvas backed by cocoa matting. 
Filter frames, etc., are of steel. The shells are lead lined. 

Three Shriver presses, each with 39 plates and 40 frames. Filtering 
area of each press is 890 sq. ft. Filtering medium is 30-lb. creped Kraft 
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paper backed by 4-oz. duck. Standard hydraulic closing device. Operat- 
ing pressure 5 to 50 lb. per square foot. 

Two wooden cooling towers, each 26 by 18 ft. and 23 ft. high. Solu- 
tion is delivered by a pump through sprays over the top of the tower, 
and is collected in a lead pan at the bottom. A fan close to the bottom 
of each tower delivers 8000 cu. ft. of airpermin. Average cooling is about 
10° C. These towers operate between the leaching plant and the 
tank room. 

One neutral electrolyte storage, diameter 60 ft. by 11 ft.4 im. Capac- 
ity 1000 water tons. Wooden construction. 

One feed bin, laminated wood construction. Capacity 6272 cu. 
ft., or 150 tons of fume. Lined with No. 28 galvanized sheet over 
1g-in. asbestos. 

One feed bin, steel construction, 14 ft. in diameter by 20 ft. deep, 
capacity 75 tons of fume. Part of the fume is too hot as received to 
handle in wooden bins. 

The total volume of solution averages 8500 water tons with a daily 
production of 1500 tons of finished electrolyte. 


MELTING 


Five reverberatory furnaces, hand-fired with coal, are used for melting. 
Four of the furnaces melt cathodes, the fifth is used for remelting skim- 
mings, etc. Some details of these furnaces are given in Table 9. 


TaBLE 9.—Details of Melting Furnaces 


ne 


nsl : rj 

No. yoex Ft Geen WGN Depth of | Height of Foc ae sumption, 

Sq. Ft. | rength Width al ee pay ite 
a 88.4 20/4” 15’0” oom OL7Z 125 10 
2 88.5 20/4” 15/0” BALM 5/8 100 8 
3 88.5 20/4” 15'0” PHAM Bon 100 8 
4 88.5 20/4’ 15/0” DiGi is fest’ 100 8 
5 22.0 20’4” 9/0” 25 3 


The temperature of the bath is 900° F. Flue temperature is 1500° F. 
Direct recovery of cathodes to bar zinc is 95.5 per cent. 


Charging and Drossing 


Cathodes are received directly from the tank room in cars and after 
weighing are charged through water-cooled charge doors in the roof of 
each furnace. Usually there are four charges per furnace day. No 
charging is done on the 11-7 shift till after drossing has been completed. 
Dross is rabbled in the furnace with ammonium chloride, removed, and 
re-treated with some additional ammonium chloride in drossing drums, 
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oil-fired when necessary. The metallic zinc from the drums is returned 
to the furnace. Dross is delivered to the roasting department for chlo- 
rine elimination. Dechlorinated dross is either delivered to the leaching 
plant or reduced in an electric furnace to zinc dust. 


Casting 


Each furnace has three rows of mold racks. Each row of molds is 
filled from a ladle traveling on a ‘‘crawl.’’ The ladle dips directly either 
from the furnace well for A grade or from the ‘‘ Prime West”’ conditioning 
pots. The capacity of the ladle is 300 lb. The ladle fills five molds, each 
bar weighing +56 lb. Grade A and Prime Western bars are of equal 
weight, but are cast in molds slightly different in shape. The grade of 
zinc and the Tadanac trademark are cast on the bottom of each bar. 
Three grades of zinc are regularly produced: 

‘‘A” grade, which consists of directly melted cathodes. 

Prime Western grade, which is made up to trade requirements in 
lead in special oil-fired cast-iron pots. Zine is transferred from the 
melting furnaces to these pots, the desired amount of lead is added and 
mixed by compressed air and the metal is cast. 

Die-casting grade consists of specially selected cathodes of the desired 
grade, melted separately. 

All bars are skimmed as cast to make a clean salable bar, and the 
skimmings, spillage, etc., are remelted in the scrap furnace. 

Special grades of Prime Western are from time to time required. 
These vary principally in their lead and cadmium contents. 

The average analysis of the bar zine produced in 1935 is as follows: 


Pb. Ca, Fe, Zn, Fst 
Per Cent Per Cent Per Cent Pe Cent ee we 
So A aOT SAG treme ties 6 0.024 0.0017 0.0010 99.9683 
Prime Western......... 0.78 0.010 0.0220 0.0010 99.1870 
Dietasting ie ees eee 0.0035 0.00070 0.008 99.9930 


The Trollhattan Electrothermic Zinc Process 


By W. 8S. Lanpis,* Mempur A.I.M.E. 
(New York Meeting, February, 1936) 


In brief, this is the story of an attempt to Americanize a process 
originally developed in Europe. The story will be recited in two sections, 
the first dealing with the process as developed by the European engineers, 
the second containing the improvements and modifications of American 
origin, together with some details of the operating results of the unit as 
finally assembled. Developments in other directions in this same field 
have not, up to the present, pointed out an economic future for the 
process, therefore our record here is largely a report of development 
progress. Whether some particularly favorable location will be found 
at some future time for a commercial installation cannot as yet be fore- 
told. The project is now at a standstill. 

The peculiar tools of the electrometallurgist should be of great interest 
to the zine smelter. The low thermal efficiency of the zinc retort, its 
comparatively small-scale unit and its intermittent cycle as it stood in 
1925, should make this art a particularly fertile field for the electric fur- 
nace. Yet inspite of years of work recorded in volumes of literature, and 
an expenditure of large sums of money, there is not a single electrothermic 
zinc smelter operating anywhere in the world. In this industry the 
electric furnace plays only a secondary part today. 


HISTORICAL 


The first serious proposal to use the electric furnace for the smelting of 
zine ores was made by the Cowles Brothers in 1885, but their experimental 
work did not advance the art to any extent. The next investigator of this 
field was Dr. Gustav DeLaval, a Swedish engineer well known to the 
‘ndustrial world through his development of the centrifugal and the steam 
turbine. ‘The DeLaval cream separator is a familiar household appliance 
in most parts of the world. 

Although Dr. DeLaval commenced his experiments in the field of 
electric zinc smelting in 1893, it was not until 1898 that he had a practica- 
ble furnace, even then operating but intermittently. His work was 
done at Trollhattan, Sweden. He continued to improve this early fur- 


Manuscript received at the office of the Institute Dec. 5, 1936. 
* Vice President, American Cyanamid Co., New York, N.Y. 
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nace and by 1902 he could continuously smelt a roasted blende, using coke 
as a reducing agent and lime as a flux, and the first of a long series of 
patents was applied for. In 1903 a company was organized to exploit this 
process and commercial plants were built at Trollhattan, Sweden and at 
Sarpsborg, Norway. The Swedish plant was by far the larger of the 
two installations. 

By 1909 the Swedish plant was operating nine ore-smelting furnaces, 
each of 350 hp., and in 1913 this plant had 18 smelting furnaces, each of 
500 hp., and during the war four more furnaces were added. All of these 
early furnaces were single-phase with bottom contact and one movable 
top electrode. Each furnace was equipped with its own brick-lined 
condenser and the zine was recovered partly as liquid metal and partly 
as powder. 

The new furnaces built during the war had much larger hearths and 
were provided with two top electrodes and no bottom connection. One 
of the electrodes was merely suspended in the furnace and lowered as it 
was consumed. The other was called the active electrode, and was used 
to regulate the power of the furnace, the regulation being by hand control. 
The old brick-lined condensers were replaced by water-cooled steel 
condensers and all of the metal was recovered in the form of a powder. 
In order to convert this powder to liquid form, a rotating electric furnace 
was developed. Articles that had been published confused this rotary 
furnace with the centrifugal developments by Dr. DeLaval, and an errone- 
ous impression arose that the process itself actually made use of some 
centrifugal principle. The rotary furnace was of such slow rotation that 
no appreciable centrifugal force was generated and such a force played no 
part in the process carried out in this furnace. An attempt to utilize 
centrifugal force in a furnace built at Sarpsborg was not particularly 
successful. 

Since the smelting furnace operated at a very high temperature, both 
lead and zine were volatilized and the product of the rotary furnace, 
therefore, was a lead-zine alloy (assuming lead present in the zinc ores). 
For this reason an electrically heated liquation furnace was added, permit- 
ting a separation of most of the lead and producing the European equiva- 
lent of our Prime Western spelter. 

In order to meet the growing demands for zinc of high purity, there 
was subsequently developed an electric redistillation furnace, which 
volatilized the zine and left the lead and other impurities behind. Thus 
the Trollhattan process as developed up to 1925 was an all-electrothermic 
process involving the use of four different types of electric furnaces on 
zinc and a fifth for lead refining. 

The process was well covered by patents, there being more than one 
hundred taken out in the various countries of the world, practically all of 
which will expire before 1940. 
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THE PROCESS 


The flowsheet of the process as practiced in Sweden in 1925 and prior 
to the writer’s association with this venture is appended (Fig. 1). The 
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Fic. 1.—FLOWSHEET OF TROLLHATTAN ELECTROTHERMIC ZINC PROCESS. 


general principles were as follows: The sulphide ores were roasted in a multi- 
hearth furnace and mixed, so as to make the charge as nearly self-fluxing 
as possible. The smelting operation was carried out in a closed arc- 
resistance type of electric furnace. The reaction was essentially one of 
reduction and volatilization, the gangue of the ore being fluxed to produce 
a fusible slag. The furnaces were charged from overhead bins, the charge 
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consisting of a premixed roasted ore, flux and coke breeze, and if copper 
was present in the ore sufficient sulfur was left in the charge to produce a 
low-grade matte. This smelting furnace handled all off-grade slags and 
mattes, together with any residue of zinc dust not liquefied in the rotary 
furnace and the various residues from the refining furnaces. There is 
little likelihood of the freezing up of an electric furnace of this type, 
therefore the slags produced were calculated more toward a minimum 
volume than for maximum fusibility. As a matter of fact, during these 
early years comparatively little progress was made towards a solution of 
the complicated fluxing problem involved. 

The furnace operated in the smelting zone at temperatures above 
1400° C., and lead and zinc were volatilized and left the furnace in vapor 
form mixed with carbon monoxide. This gas stream passed to water- 
cooled condensers where the metals dropped out in the form of a powder 
and mechanical screw conveyors were provided for continuously dis- 
charging the powder through a suitable seal. The carbon monoxide 
passed out through a water seal and burned at the exit stack. The char- 
acter of this flame was an important guide to the furnace operator. 

The slag and matte together were tapped from the furnace into slag 
pots, where the matte settled to the bottom, and was separated by the 
older system of muscular metallurgy. Gold and silver present in the ores 
appeared largely in the matte, although some silver was volatilized and 
recaptured at a later stage in the process. 

The zinc-lead powder removed from the condensers was collected in 
metal containers, which were carried to bins placed above the rotary 
furnaces. In these electrically heated furnaces, the powder was given a 
rolling and tumbling at a temperature well above the melting point of 
zinc. A large part of the powder was rolled into liquid which was tapped 
from the rotary furnaces at intervals. The unliquefied powder was 
mechanically discharged through the axis of the furnace and after cooling 
was carried back to the ore-smelting furnaces, hence the name 
‘return powder.” 

The molten lead-zinc alloy tapped from the rotary furnace was poured 
into an open well of an electrically heated liquation furnace operated 
under close temperature control. Two such furnaces are required to 
maintain the routine cycle. In this liquation furnace there separates 
three distinct layers, raw lead on the bottom, hard or iron zinc inter- 
mediate, and the equivalent of our Prime Western on top. 

The spelter was ladled out and cast into slabs. At less frequent 
intervals the lead was ladled and cast into slabs or sent to the lead-refining 
furnace. ‘The iron-zinc at the normal operating temperature of 450° C. is 
a spongy mass floating on the lead. When a quantity had accumulated, 
the routine ladling was stopped; the temperature was raised to above 
650° C. to liquate as much metal as possible, and the remaining solid was 
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skimmed off with perforated ladles and cast into slabs. This hard zine 
carries copper, iron and silver, as well as lead and zinc, and was sent to a 
refining furnace. A small market was developed for a part of the produc- 
tion. By using two furnaces, one at the low temperature and the other at 
the high, regular production could be maintained. 

Refining was done in a special high-temperature furnace, the hard zinc 
being subjected either alone or with addition of raw zinc to a redistillation. 
The refined zinc produced from the hard zine was never of the highest 
grade, like that obtained from a refining of the spelter from the liqua- 
tion furnace. 

By redistillation of the liquation-furnace spelter a refined zinc of 
99.7 to 99.8 per cent was readily obtainable. 

The refining process yielded certain byproducts, such as raw lead, 
zine powder, and hard zinc, in addition to the refined spelter that was 
condensed as liquid. The raw lead was sent to the lead-refining furnaces. 
The hard zinc was accumulated in the furnace and when it reached a 
sufficient depth charging was stopped, and the furnace temperature raised 
to the maximum, after which the hard zinc residue was ladled out. This 
was cast, crushed and sent back to the ore-smelting furnace. Finally 
there accumulated in the furnace an “‘iron-silver bottom cake,” which was 
removed only at long intervals. This cake containing iron, copper and 
much silver was sold, there being no silver refinery at this plant. 

Such was the status when we first became interested in the process. 
The valuable experience covering a number of years of operation was 
something to build upon. There were many opportunities for improve- 
ment, particularly of equipment. Ores were purchased in the open 
market, some raw, some roasted, the roasting equipment of small capacity 
taking care of the raw ores. Many of the ores purchased were cheap 
because of the penalty carried on the secondary metals, and on a fair zine 
market the operation showed a profit. Ona declining zinc market the 
state of development made the operation marginal. We listed the items 
below that showed the necessity of improvement to put this process on a 
~ competitive basis with other zinc-producing methods. 


TrousBLE ANALYSIS 


The roasting would have to be more carefully done, since it was neces- 
sary to have just the right proportion of sulphur equivalent to the copper 
present in the heterogeneous ores that could be purchased advantageously. 
The matte production had been very irregular, sometimes being too low in 
copper to be merchantable and at other times so high in zinc as to be 
penalized. Therefore we first set the roaster in regular operation to have 
a better control of this sulphur content of the charge. 

The problem of ore preparation for the electric furnace is always a 
complex one. In this case it is doubly so because we were dependent upon 
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a very delicate balance in the condenser for the most effective recovery 
of the zinc and lead. We tried to obtain the maximum of pre-reduction 
in the roaster in order to keep as much oxygen as possible out of the 
smelting furnace. Our first efforts were not particularly successful, and 
later a sintering machine was installed, which very greatly helped in the 
solution of this problem. We were striving for the lowest state of oxida- 
tion of the several minerals present, and we found that a liberal addition 
of coke dust to the charge on the sintering machine did materially help in 
eliminating excessive oxygen. 

It is very important that water vapor be kept out of the smelting 
furnace as far as possible. We were forced to use coke breeze as reducing 
agent, thoroughly dried before charging. 

The operations had always been troubled with furnace irregularity. 
Before the acquisition of the sintering machine they were frequently feed- 
ing a furnace charge consisting of a very finely ground concentrate and 
much coarser coke breeze, various proportions of lump materials such as 
returned slags, mattes and iron-zine alloys, and a widely varying quantity 
of returned zinc powder which had not been liquefied in the rotating 
furnace. This heterogeneous furnace charge did not feed well down 
through their furnaces, and these operated most erratically as measured 
by the power load and the irregular rate of smelting. The charge would 
hang in the furnace and cause an increase in electrical resistance, neces- 
sitating the lowering of the electrode (by hand regulation). The electrode 
might move some considerable distance before the arch was broken, 
followed by a drop of fresh charge into an overheated zone, which caused a 
rapid evolution of vapor and gas, sometimes of such violence as to throw 
the charge out of the furnace. At the same time this irregular feeding 
caused an irregular supply of vapor to the condensers. At times these 
would be overloaded and would discharge zine vapor into the air through 
the outlet stack, and sometimes a vacuum would be created in the con- 
densers, drawing in air and causing a more or less violent explosion. In 
spite of these difficulties, all of which could be traced back to irregular © 
smelting rate of the furnace, this process did produce many thousands of 
tons of zinc. A larger furnace fed with a burden more uniformly sized 
was believed to help this situation. 

The rotary furnaces that liquefied the powder from the condensers 
were subject to a great deal of interruption due to electrode breakage. 
As seen later from the design, these are not the most simple of electric 
furnaces, and as we first found them they were experiencing more than a 
usual amount of electrode breakage. This, of course, interrupted their 
operation, and such interruptions plus the very irregular character of the 
powder feed to these furnaces, owing to the troubles with the smelting 
furnace enumerated above, gave a rather poor yield of liquid zinc. We 
found that over a period of time these furnaces were liquefying only from 
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14 to 14 of the zinc fed to them and all the rest had to be recirculated to 
the smelting furnace. 

The liquation furnace was a simple operation and gave little or no 
trouble other than that they were hand-operated and took too much labor, 
in our opinion. These furnaces were later eliminated altogether and all 
the raw zinc was sent to the refinery furnaces, which were consider- 
ably enlarged. 

The redistillation, or refinery, furnaces worked very smoothly and 
there was little that we could do to improve their operation. It is true 
that the grade of spelter produced was not as high as we would have 
liked, as the best we were able to do was 99.85 per cent. This might 
have been improved by a different system of electric heating of the fur- 
nace, but we did not make such changes, believing that another method 
of treatment of the powder from the smelting furnaces would probably 
solve all the difficulties. Unfortunately, we were not able to carry out on 
a large scale our suggested treatment, but the smaller scale experimental 
work showed great promise. This will be referred to later. 


SMELTING FURNACE 


We determined to our own satisfaction that the greatest improvement 
that we might contribute to this process was a smooth-acting smelting 
furnace of large capacity, and we debated for a long time as to the proper 
size for this experimental unit. We all believed that such a unit might be 
built as large as 10,000 hp., but since we desired to use as much of the 
auxiliary equipment as we could in the Trollhattan plant, and as there 
were limitations of power supply, commercial contracts and the like that 
prevented us from going to this size of operating unit, we compromised on 
what we termed a 5000-hp. furnace; which actually was officially rated at 
4500 kva., three-phase. 

The actual problem was not so much in the design of the furnace itself 
as in the condensing equipment attached to the furnace. We felt certain 
that we could prepare the furnace charge in such form that it could be 
fed regularly into the furnace, and that we could provide the furnace with 
automatic regulators on the electrodes, to keep them active and thus 
obtain a smooth smelting operation. We were not worried about the 
minor explosions that were so frequent in the earlier single-phase furnaces. 
We were concerned, however, with the explosions in the condenser, and 
we did not wish to build these units so large that if an explosion should 
occur it would wreck the plant. At any rate, we were forced to compro- 
mise on the 5000-hp. furnace, with its more than adequate condensing 
equipment, as it later proved; and an ingenious device, developed by our 
metallurgist and installed on the condensers, eliminated all danger of 
explosion. Accordingly we designed such a furnace with condenser, as 


illustrated in Fig. 2. 
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The furnace itself was a rectangular box, thoroughly braced, 21 ft. 4 in. 
long, 13 ft. wide and of varying height. The roof consisted of half an 
arch springing from one of the long sides of the furnace and so arranged 
as to provide an opening opposite the springing line and large enough to 
carry the vapors into the condenser at considerable velocity. Through 
the top of the furnace passed three electrodes, 28 in. in diameter. These 
electrodes were not in one straight line; the center one was pushed for- 
ward so as to be nearer the taphole. A hopper overhead contained the 
furnace charge, which was fed down through pipes through two openings 
in the roof in front of the two outside electrodes. No feeding was provided 
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Fic. 2.— FURNACE WITH SPECIALLY DESIGNED CONDENSER. 
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between or around the electrodes, nor on the side of the furnace towards 
the condenser. All openings in the top of the furnace had to be sealed 
tight, since we intended to carry several millimeters of water pressure. 
The electrodes, therefore, were provided with packed glands. 

A single taphole was used for slag and matte, the quantity of matte 
being too small to even attempt any separation in the furnace. 

In the nearly two years of operation this furnace functioned quite 
satisfactorily. The greatest difficulty we had was the building up of 
accretions in the furnace neck discharging to the condenser and above the 
condenser baffle plates. This was a serious problem until we modified 
and materially enlarged the neck opening and provided suitable cleaning 
devices that could be operated without unsealing the furnace or 
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condenser. With the changes in these details further changes in the fur- 
nace itself were not made during the entire campaign. 

For those interested in the electrical equipment, power supply was 
25-cycle, three-phase, 11,000 volts. It was stepped down through a 
bank of three single-phase, 1500-kva. transformers, the low-tension 
voltage being regulated by means of a primary tap-changing switch to 
give furnace voltages between 60 and 180 volts in 15 steps, all ratings 
above 86 volts being of full capacity. External reactance coils were 
provided to supplement the inherent reactance of the transformers in 
order to steady the operation, particularly after slagging. The total 
reactance that could be connected in the circuit was 20 per cent when 
connected for 180 volts. 

The tap-changing switches on the high-tension side were motor oper- 
ated and were so connected that either a constant current or a constant 
power input could be maintained. Each electrode was suspended by 
cable arrangements connected to a motor-driven hoist, and could be 
lowered by push-button control as it was consumed. It was not believed 
advisable to control the operation of the furnace by raising or lowering the 
electrodes on account of the danger of breaking the seal into the furnace 
around the electrodes. 

The entire electrical equipment was supplied by the General Electric 
Co. of Sweden and worked faultlessly throughout the entire campaign. 
The transformers were delta connected on the high tension, and star 
connected on the low-tension side, the neutral being grounded to con- 
ducting bars laid in the furnace bottom. This ground connection, how- 
ever, was found not to be necessary. The entire low-tension bus structure 
was carefully interlaced right up to the flexibles. Electrodes were pur- 
chased from various manufacturers both in the United States and in 
Europe, and gave excellent service. They were 700 mm. (27.559 in.) in 
diameter and 2 m. (6.562 ft.) long, and could be joined together by the 
ordinary screw nipple. 

For tapping we adopted the system so highly developed in the carbide 
industry, the electric tapping needle. A connection is made with one of 
the electrode circuits connected to an insulated movable graphite elec- 
trode enabling us to burn through the taphole. The taphole was 
plugged with breeze coke. 

We recognized the need for a careful preparation on the charge if 
we were to obtain the maximum of efficiency in our smelting furnace. As 
stated above, this charge consisted of roasted fine ore. Some of this was 
jig product; some flotation concentrates. In addition we had to take care 
of return powder not liquefied in the rotary furnaces, slags, skimmings and 
other residues. It was extremely difficult to handle such a heterogeneous 
mixture of products, and the sintering machine was of great help. From 
a metallurgical standpoint we recognized the necessity for keeping out 
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moisture and reducing the quantity of noncondensible gas discharged 
from the furnace, and also that it would be advantageous if we could 
reduce peroxides before feeding them into the furnace. 

There is available from such a smelting operation a considerable 
quantity of carbon monoxide and proposals were made to use this for pre- 
reduction of the charge but actually this was not put into practice. 
Instead a heavy charge of coke was added to the sintering machine, 
which in part served the same purpose. 

The complicated problem of proper fluxing of an electrothermie zinc- 
smelting operation had to be faced. Previously, experience had greatly 
varied in the fluxing practice. It was recognized that the electric furnace 
would melt almost any practicable slag, therefore we were not concerned 
so much with the question of freezing up of the furnace as we were with 
making the minimum of slag to conserve electric power. As a matter of 
fact, the necessary reduction temperatures were so high that the question 
of low-melting slags never seriously entered into our problem. 

Our experience led us to believe that the ideal composition of our 
slag lay between the following limits: SiO, 45 to 55 per cent; CaO 
+ MgO + BaO, 25 to 30; FeO + MnO, 10 to 15; AlsOs, etc., 5 to 15 
per cent. 

A high silica content decreases the tendency of zinc to go into the slag. 

A high lime content facilitates the separation of matte and slag both 
through increase of fluidity and decrease of specific gravity. Increase 
in lime also showed tendency to lower the lead content of the matte. 
Magnesia is a detriment in that when above 5 per cent it raises the forma- 
tion temperature and makes the slag too thick. 
* Apparently the most critical of the constituents of the slag is the iron. 
A high iron content holds zine in the slag. On account of the iron con- 
tent of many of the lower grades of zinc ores, particularly of the complex 
ores, we had the problem of trying to hold down the iron content of the 
slag. The solution we worked out for this problem was to reduce this | 
iron and bring it out in the form of a low-grade ferrosilicon. When the 
furnace was producing ferroalloy we were certain that the slags were 
clean, frequently running below 1 per cent of zinc oxide. Therefore, we 
placed very considerable weight upon adding to the high-iron charges 
sufficient reducing agent to convert the iron oxides of the ore into pig 
iron or ferrosilicon. This also cleaned more zinc out of the matte, and 
considerably increased the smoothness of the furnace operation. 

Table 1 gives the analyses of some of the zinc ores used at Trollhattan 
and Table 2 shows the furnace burdens when smelting some of these ores 
alone without return powder. It is hardly necessary to call attention to 
the fact that the lime additions should be made in the form of freshly 
burned quicklime, since we did not want to dilute the gases going to the 
condenser with carbon dioxide. 
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TABLE 2.—Direct Smelting of Various Ores 
No Return Powder 


Grade Per Metric Ton Ore 
Type of Ore Total Smeltin; 
Percent- Lime, Silica, Ta and Coke, melting 
sein | ‘Tons | ‘Tons | ‘Silica, | ‘Tons | Hype 
Saxberg, 36 per cent...... 40.7 0.025 0.025} 0.18 1700 
Ammeberg, 64 per cent... 
Ammebergin ae eisai 40.0 0.094 0.094 | 0.20 1750 
DaXxDery. «cccsuicste ters ee 42.0 0.163 | 0.337 | 0.500} 0.25 1975 
BSF NOsSte. sees ee 42.1 0.138 | 0.138} 0.20 1780 


Saxberg, 40 per cent...... 
Ryllshytte, 30 per cent...| 438.6 0.032 | 0.105 | 0.187 | 0.19 1960 
Ammeberg, 30 per cent... 


California. nee ae ae 52.8 0.038 | 0.155} 0.193 | 0.19 1890 


All return powder........ 55.0 1240 


As shown in Fig. 2, the condenser was placed as close to the furnace 
as construction details permitted. The flue leading to the furnace was a 
source of considerable trouble because the vapors leaving the furnace, 
together with fume and dust carried out by the gas stream, tended to 
condense and bake against the brick lining and gradually fill the passage. 
This accretion was particularly hard. It was ultimately necessary to 
enlarge the cross section of the flue and by routine servicing we were able 
to maintain steady and continuous operation. 

The condenser itself was built in three sections, each 7.5 m. (24 6 ft.) — 
high, 2.5 m. wide and 1.5 m. long, giving a total volume of approximately 
22 cu. m. (776.8 cu. ft.).. The upper part of the condenser and the roof 
were of brick while the lower portions were constructed of water-jacketed 
sides with a hopper-shaped bottom. Baffle plates, also of water-cooled 
construction, served to increase the condenser effect. 

In the water-cooled hopper bottom of each of the three sections of the 
condenser was an extra heavy and powerful screw with a very powerful 
drive on it. We anticipated that as the smelting operation improved we 
might have to contend with a considerable quantity of liquid zine along 
with the powder and provided heavy equipment for moving a more or 
less lump product which might have to be torn apart by this conveyor 
system. These screws collected the powder and carried it outside the 
condenser through an ingenious sealing arrangement, which prevented the 


W. S. LANDIS 585 


entrance of any air. It took considerable power to push the powder 
through this seal. 

At the far end of the condenser a flue carried up to a damper box, then 
dropped down to an intermittent collecting hopper, again rising to a 
damper box and finally dropping down to the floor level, where it passed 
through a water seal. This water seal was of such depth that we could 
regulate the back pressure on the furnace and condenser by raising the 
height of water in the box. From this water seal a pipe led up through 
and ended above the highest operating floor level on the furnace. The 
uncondensed carbon monoxide was burned at this outlet within sight of 
the furnace operator so that he could determine by an inspection of the 
gases how clear of zinc these gases were. Under normal operation a 
rather clear blue flame was observable, but at times of irregularity of 
smelting there usually showed up a zinc flame. 

The powder removed by the screws was received in a transport and 
storage can, one to each condenser section since it was desired to deter- 
mine the condensing capacity of each section and the nature of the con- 
denser powder. This powder, of course, was somewhat inflammable 
and when the containers were filled a tight cover was placed over the 
cans. An overhead crane then removed them to an intermediate storage. 

A certain amount of fume and dust separated in the pipe system in the 
intermediate dust collector and in the water seal. From the former we 
obtained a small amount of powder, which could go to the rotary furnace. 
The water seal was cleaned periodically, bringing out a wet mud that had 
to be dried before it could be sent to the rotary. As a matter of fact, it 
was so badly oxidized that customarily this dried product was sent back 
to the smelting furnace. 

Apparently our initial design of the condenser was quite satisfactory. 
The collection of the powder in the three sections for the different cam- 
paigns, however, was considerable, as shown in Table 3. 


Taste 3.—Record of Campaigns 


Section I Section II Section III 


SSS eal 


60-day campaign on various ores: 


Powder, percentage of total......... 58 13.6 

Total Zn content.......---+-+-++++> 81.4 84.4 

Metallic Zn content.........-.-+-+- 66.7 70.0 
17-day campaign on various ores: 

Powder, percentage of total........- 32.0 35.6 

Total Zn content.......---++e+eee 82.7 87.2 

Metallic Zn content.........+++-+++- 70.5 74.6 


We anticipated a great deal of difficulty with these condensers, having 
behind us the experience of the many years of operation of the older units 
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in the plant. Irregularity of operation of the smelting furnace would 
cause air to be sucked into these condensers and cause very violent 
explosions; or a sudden drop of charge into a heated smelting zone would 
force a rush of vapor over into the condenser far beyond the capacity to 
handle, and there would be a violent combustion of zine vapor at the 
stack end. We had no knowledge of how smoothly our own furnace 
would operate, so developed a rather ingenious system for taking care of 
such irregularity, We installed an extremely sensitive pressure-control 
apparatus capable of operating on changes of water pressure as low as 5 to 
10 mm., and provided an automatic pressure regulator actuating a 
damper in the water-seal baffle and set to function when the gas pressure 
in the condenser dropped below or went above the 5 or 10-mm. setting. 

We also connected to the condenser a special oil burner that was 
designed to produce a dry, nonexplosive mixture of nitrogen and carbon 
dioxide gas. When the pressure dropped below what we considered a 
dangerous minimum, this oil burner was thrown into operation and 
flooded the condenser with combustion gases practically free from oxygen. 
This proved to be an extremely valuable detail, since it enabled us to 
start up and stop the furnace at will and we could feel as free as possible 
to experiment with the feeding of the furnace, or shut down for any 
adjustments, without running the hazards that were so obvious in the 
older smelting units, where an accidental quick shutdown or starting was 
always followed by great fear on the part of the management and oper- 
ators. We never had the slightest difficulty from explosions in 
our condensers. 

We did not operate to produce metallic zine in the condenser but had 
prepared, from the knowledge gained in the operation, designs for a new 
unit, which we believed would permit the handling of both metal and 
powder. It was never installed. 

Table 4 shows a typical daily power report when the furnace was 
operating at nearly full capacity. It shows how the electrode voltages 
were varied in order to maintain a practically constant power load. 


Rotary FURNACE 


The rotary furnace, Fig. 3, for rolling the metallic powder produced 
in the condensers was a Swedish development. As we found it, it con- 
sisted of a heavy cylindrical shell lined with refractory about 2.5 m. 
(8.2 ft.) in diameter inside, and approximately 1.5 m. (4.92 ft.) long inside 
the lining. It rolled on heavy steel tires. About midway between the 
circumferential lining and the center was arranged a ring of eight carbon 
electrodes, the ends of which projected through the steel walls of the shell 
and were insulated therefrom. Originally, graphite sleeves were fitted 
through the openings in the end walls of the rotating furnace and carbon 
electrodes, threaded on the ends, screwed into these sleeves and formed 
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the essential heating elements inside the furnace. The eight electrodes 
were connected in series to collector rings on the hollow trunnions through 
which the feed was introduced and the unliquated powder removed. 
Approximately 60 volts was used on the furnace and the current was 
about 2500 amp. This carbon heating unit was particularly unsatis- 
factory because of the breakage of the carbon for heating elements, 
necessitating frequent shutdowns and difficult replacements. We 
substituted in this built-up heating unit, in which had been used a rather 
low-resistance carbon, a single continuous high-resistance carbon elec- 
trode, of identical size and shape as the previously used built-up con- 
struction. The central portion of electrode between the heads was 


Fic. 3.—ROTARY FURNACE. 


turned down in a lathe to 200 mm. in diameter. By the use of high- 
resistant carbons without joints we were enabled to cut down the current 
required and considerably reduced the breakages and _ conse- | 
quent interruptions. 

The condenser powder, stored in 4 bin overhead, was fed through a 
large axial opening in the furnace, by gravity downward and then pushed 
into the furnace by means of a screw. A similar arrangement on the 
opposite end discharged the unliquefied powder into a closed container. 
Unfortunately, this was not an entirely satisfactory arrangement, 
because the powder came out of the furnace highly heated and, therefore, 
ignited if exposed to air, and there was considerable burning of the dis- 
charged powder. This return powder, as mentioned above, was sent 
back to the ore-smelting furnace. 

A taphole was provided through one of the end walls. By stopping 
the furnace with this taphole at the lowest position the furnace could be 
drained of metal content. A tap was made every four hours. About one 
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ton of metal was tapped at a time, the furnaces nominally having a 
capacity of 6 to 8 tons per day, but frequently exceeding this tonnage if 
there were no interruptions due to breakage of electrodes. With excep- 
tional qualities of powder, this tonnage would be very greatly exceeded. 

Over a long period raw zinc tapped from the rotary averaged about 
65 per cent of the ingoing powder, and ingoing powders averaged about 
70 per cent zinc in metallic form. 


LIQUATION FURNACE 


The liquation furnace, Fig. 4, was of rectangular shape, 9 m. long and 
1.5 m. wide inside the lining. The roof was horizontal but the bottom 
sloped so that it was about 1.5 m. deeper at one end than at the other. 
Above the level of the metal carried in the hearth were arranged three 


Fig. 4.—LIQUATION FURNACE. 


transverse heating electrodes, which extended completely through the side 
walls and were connected in series. These carbon electrodes were 
300 m. in diameter. 

The metal from the rotary furnace, called here “raw zinc,” carried 
varying quantities of lead, copper, silver and iron, depending upon the 
ores smelted. Received from the rotary furnace in ladles, it was poured 
into a sealed well at the upper end of the hearth and worked its way slowly 
down to the deeper part of the hearth, separating in the molten bath and 
lead settling to the bottom. On top of the lead would settle out a hard 
zine containing the iron and on top of this would float the G.O.B. metal, as 
already described. 

The zinc produced was a G.O.B., or Prime Western, grade and either 
was marketed as such or was sent to the refining furnace. 

The iron alloy was a spongy hard product carrying both lead and zinc, 
and some copper and silver, of typical analysis: 90 per cent zinc, 5 per 
cent lead, 0.25 per cent copper, 5 per cent iron. The product was sent to 
the refining furnace for the production of high-grade spelter. 

The raw lead carried with it 2 to 3 per cent of zinc and had to be 
softened in a lead-refining furnace. 
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In our particular development we later omitted the liquation opera- 
tion and took the metal directly from the rotary to the refining furnace. 


REFINING FURNACE 


The zinc-refining furnace, Fig. 5, was roughly rectangular in section, 
of firebrick stayed with structural shapes. It was 3 m. long and 2.5 m. 
wide and carried at its maximum about one meter depth of metal. 
One-half meter above the highest metal level was inserted a pair of 
carbon electrodes 400 mm. in diameter, one from each side of the furnace. 
An are was sprung between the abutting ends of these electrodes over the 
center of the bath. The roof of the furnace, for protection against the 
intense heat of the arc, was raised nearly 2 m. above the electrode. 


From an opening in the roof a flue led to a series of vertical oval 
tubes projecting downward. ‘These tubes were lined with firebrick and 
free circulation of air was permitted on the outside. They served as 
condenser for the zinc vapor. An open well received the liquid metal 
ladled from the liquation furnace, or tapped from the rotaries and the level 
was maintained nearly constant by replacement of the zine distilled off by 
fresh charges. The refined zinc from the condenser was tapped into 
molds, while the lead, copper and hard zine carrying iron and silver 
accumulated in the bottom of the furnace. When these residues had 
reached a certain depth they were ladled out of the furnace as long as they 
would flow. There was, however, a very considerable accumulation of 
iron and hard zinc that was not fusible and ultimately made necessary the 
cooling down of the furnace so that it could be chipped out. This iron 
carried a considerable quantity of silver, some examples showing over 
2000 grams per ton, or 0.2 per cent. This was silver carried over with a 
zinc vapor from the smelting furnace which finally collected in this iron 
alloy in the refining furnace. . 

It was hoped that ultimately this furnace could be developed to 
produce a temperature sufficient to melt and tap the iron from the furnace 
but our work was abandoned before this object was realized. 


WwW. Ss. LANDIS 591 


PowER CONSUMPTION 


We carried out four extensive campaigns, three upon miscellaneous 
varieties of ore and the fourth one on a single Burma ore averaging 57 per 
cent zinc. On the Burma ore the smelting furnaces consumed 
2150 kw-hr. per ton of ore. This was identical with the consumption 
of the longest campaign made on a miscellaneous lot of ores, but of some- 
what lower zine content. 

The rotary furnace showed a consumption on the Burma powder of 
325 kw-hr. per ton of original oresmelted. The liquation furnace was not 
in service during this run. 

The refining furnace showed a consumption of 860 kw-hr. per ton of 
original ore smelted, giving a total of 3335 kw-hr. for all operations and per 
ton of ore smelted. 

At the 89 per cent over-all recovery this would be equivalent to 
6550 kw-hr. per metric ton of refined zinc, or practically 1 hp-year. 

The electrode consumption average through our campaign on the 
Burma ore was 4.5 kg. per ton of ore on the smelting furnace, 6.4 kg. on 
the rotaries and 2.4 kg. on the refining furnace; a total of 13.3 kg. per ton 
of Burma ore smelted. This naturally included all breakages and losses 
as well as direct consumption. On the basis of one metric ton of refined 
spelter, the average consumption was 26.2 kilograms. 


MetTaL RECOVERIES 


Metal recoveries are largely dependent upon the character of the ores. 
Our experience gained in the four long campaigns, on six varieties of ore, 
led us to conclude that we could expect a zinc recovery in refined spelter 
of 89 per cent, lead better than 80 per cent, copper 70 per cent and silver 
over all 70 per cent. The copper and silver recoveries represent not only 
the products found in the matte but also the additional recoveries in the 
refining furnace. 

If the lead and copper and silver content of the ores are very low, the 
recoveries will not be so good as when there are larger quantities in the ore. 
We have gotten even higher lead and copper recoveries than those 
mentioned above, if the quantity present in the ores is relatively high. 


Tur BurMA CAMPAIGN 


The Burma campaign represented 18 days of operation on a single ore 
carrying 57 per cent zinc. The total charge for the 18 days to the smelt- 
ing furnace was as follows: Roasted ore, 648.75 metric tons; returned 
slags, 26.25; returned powder, 169.80. In addition there was returned 
for facilitating smelting 22.95 tons of slag that ordinarily would have gone 
to the dump. 
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The fluxes used were: lime, 114.60 tons and silica, 155.60 tons. 
The reducing agent was a coke breeze, 177.67 tons; all metric tons. 

The total amounts of metals charged from all of the above sources 
were: zinc, 482.55 metric tons; lead, 35.82 metric tons; copper, 4.06 metric 
tons; silver, 200.65 kilograms. 

The power consumed on the smelting furnace was 1,398,000 kw-hr., 
equal to 2150 kw-hr. per metric ton of ore. This is a very high figure, 
because of the large amount of barren fluxes needed; we wished not to mix 
ores during this particular campaign. By ore admixture we could have 
increased the zinc without adding so much barren fluxing material. 

The slag made amounted to 437.83 metric tons, of which 403.70 tons 
went to the dump and 34.13 tons carried sufficient zinc to warrant return 
to the furnace. This indicates the enormous amount of slag made per 
ton of ore. The average content of the zinc in the slag sent to the dump 
was 2.52 per cent. 

The matte produced was 32.71 metric tons carrying: zinc, 3.24 metric 
tons; lead, 0.85 metric tons; copper, 2.82 metric tons; silver, 90 kilograms. 
This matte carried a penalty because of the high zine content. The 
copper recovered as matte was 69.5 per cent of that in the ore charged 
and the silver recovered in the matte 44.8 per cent. There was produced 
a total of 6.16 metric tons of ferrosilicon. We should have produced 
more ferrosilicon and bettered the grade of the matte, and thereby 
eliminated the penalty. 

The condenser powder produced was 511.55 metric tons, practically 
evenly divided among the three units of the condenser. This powder 
carried 419 metric tons of zinc, of which 365.20 metric tons was in metallic 
form. The lead present in the powder amounted to 27.77 metric tons 
and the silver to 74.89 kilograms. 

In addition to the powder produced in the condensers, we obtained 
7.83 metric tons from the dust system and 17.43 metric tons (dry basis) 
from the water seal; there was also picked up 9.6 metric tons in the 
clean-up operation, or a total of 34.86 tons of other powder. 

It was unfortunate that we had to use the rotaries and other equip- 
ment in connection with the regular smelting operations in the plant, so 
that we were not able to completely isolate our data through the remain- 
der of the operations, but emergencies arose whereby additions from the 
other smelting furnaces complicated our figures. 

We had approximately 447 tons of zinc from the Burma ores to go into 
the rotaries but the rotary charges as listed totaled 515.61, the addition 
coming from other smelting furnaces. Of this 515.61 tons of condenser 
powder there was recovered 326.62 tons of raw zinc, 191.86 tons of powder 
returned to the smelting furnaces. The power consumption was 
197,130 kw-hr., which, calculated back to our proportion of the total 
load on the rotaries and to our ores smelted, amounted to 325 kw-hr. per 
ton of ore. 
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The raw zinc from the rotaries ranged in content as follows: lead, 4.8 
to 9.3 per cent; copper, 0.05 to 0.22; iron, 0.27 to 1.45. This product was 
carried directly to the redistillation furnaces and produced a refined zinc 
carrying: zinc, 99.70 per cent; lead, 0.29; iron, 0.01. 

The power consumption calculated back to the original ore was 
860 kw-hr. The total power consumption per metric ton of 57 per cent 
ore on the three furnaces amounted to 3.335 kw-hr., or per ton of zinc 
recovered, 6550 kilowatt-hours. 

The analysis of the other runs would require too much space to be 
reported here, because mixed ores were used. It may be mentioned, 
however, that by a proper admixture of ores, fluxes can be materially 
reduced and much better smelting results obtained. 


CONCLUSIONS 


We have concluded from this work that one could design and operate 
an electrothermic smelting plant using smelting furnaces up to 10,000 hp. 
each. While the rotary is still a small unit, undoubtedly further work 
would improve its operation. There remains to explore further the 
elimination of as much oxygen as possible from the ore charge going to the 
furnace, and a redesigning of the discharge system in the condensers, 
which should make it possible to produce a considerable portion of the 
distilled zinc in liquid form. This would involve a slightly different 
arrangement of condenser, so that part could be run hot and part be 
water-cooled. There would have to be a redesign of the discharge system, 
because even the hot condensers would probably pick up some powder. 
Such improvement seems quite feasible. 

The redistillation furnace seems to be a very satisfactory piece of 
equipment and with more skill in operating the difficulty with the iron 
cake could undoubtedly be largely eliminated. At present this requires 
a little more manual labor than should be necessary. 

We also carried out on a small scale a modification in which we con- 
densed the vapors in powder form and charged the powder directly to 
a redistillation furnace, which enabled us to produce refined metal in a 
single step, but we did not carry this far enough to put it into practice on a 
large scale, our furnace being only slightly over 100 kw. capacity. There 
is better than an even chance that this simplification could be developed 
into an operating unit. This would have the advantage of very greatly 
simplifying the operation, reducing the attendance and the investment 
required, and should completely change the complexion of the electro- 
thermic zine process. 
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DISCUSSION 


(Carle R. Hayward presiding) 


A. Zenrner,* New York, N. Y. (written discussion)—Mr. Landis and the 
American Cyanamid Co. are to be congratulated on the most straightforward account 
that has yet appeared on the electrothermic zinc process. It is the record of an out- 
standing effort to develop it into large-scale continuous low-cost operation. 

I first had occasion to go into the subject in 1911, when the Montana Power Co. 
urged it upon the Anaconda Copper Mining Co. as a possible large consumer of electric 
power. The former sent an engineer to the Anaconda Reduction works, where he 
carried on small-scale work. It devolved upon me to follow this up and to gather all 
possible information on similar activities elsewhere. After a time it was decided that 
the process was not promising enough under local conditions to warrant large-scale 
work on the complex zinc ores available. 

Another large company in Montana took up the process, trying it out on high- 
grade zinc concentrate and spending about $100,000 as I recall it. It is interesting 
to note that this occurred before electrolytic zinc entered into the affairs of the 
Anaconda company. 

Several years ago the electrothermic zinc plant at Sundlokken, Norway, was 
offered to clients. The metallurgical results submitted were more or less in line with 
those presented in this paper. 

The power consumption at Trollhattan is given as 6550 kw-hr. per metric ton of 
refined zinc for ore averaging 57 per cent zinc. The purity of the zine produced is 
given as 99.7 to 99.8 per cent. When it is recalled that electrolytic zinc is produced 
with a power consumption just about one-half of the above and with impurities totaling 
about one-tenth of the above, it is small wonder the former constituted one-third of 
the world’s total zinc production last year, whereas there was no production from an 
electrothermic zinc smelter. True, the 6550 kw-hr. includes the formation of some 
intermediate products, but this factor has not kept any plant operating. 


C. H. Fuuron,t Rolla, Mo.—You said the power consumption was 6500 kw-hr. 
per ton of refined zinc. Does that give any credit to the lead production or is all the 
power consumption charged to the zinc? 


’ W. S. Lanpis.—We figured out the 6500 kw-hr. on the output of refined zinc; 
that is, throwing all of the power consumption onto the zinc. No power charge was 


made against lead or matte production, which varied greatly for the miscellaneous 
ores of this customs smelter. 


* Consulting Engineer. 
ft Director, Missouri School of Mines. 
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: + L. Jorcmnsen,* Irvington, N. J.—What is the composition of this iron-zine 
alloy? 


W. S. Lanp1s.—The composition of the iron-zinc alloy depends entirely upon the 
temperature of the unit in which it is produced, inasmuch as the higher the temper- 
ature the more zinc can be distilled out of the alloy. A typical iron-zinc alloy taken 
out of the liquation furnace, which is a low-temperature operation, contained 90 per 
cent zinc, 5 per cent lead, 0.25 per cent copper and 5 per cent iron. That went back 
into the original smelting furnace and was handled along with the nonliquefied powder. 
The content of iron in that alloy went up to 8 and even as high as 10 per cent in the 
redistillation furnace, where we were operating at much higher temperatures—above 
1000° C., whereas we were operating at only 400° C. in the liquation furnace. The 
average silver runs about 2000 oz. per ton in an iron-zine alloy from the redistil- 
lation furnace. 


Memper.—What temperatures did you use in the primary volatilization process? 


W. 8. Lanpis.—The temperatures were not measured, but from our knowledge of 
furnaces we judge that the slag was tapped from that furnace at about 1300° C. 
There is no trouble with freezing up a furnace of this type, for they can always be 
melted down. 


A. J. Puiuies,t Maurer, N. J.—Why was the powder condensed primarily? ‘sit 
a matter of condenser design or a matter of CO-CO; equilibrium in the reactions? 


W. S. Lanpis.—I think it is a matter of both. In handling a miscellaneous 
variety of ores such as we had available, some of the ore was purchased raw and some 
was purchased roasted. We had available only a limited roasting capacity. Thus 
we had very incomplete control over the composition of raw materials. Therefore, 
the CO-CO, ratio was largely out of our control. 

On account of its influence on the powder condensation, I believe in pretreating 
the charges—by a partial reduction of the oxide of iron, for example. There is @ 
large amount of oxygen in many of the ores that we used; for most were too high in 
iron to be usable in the ordinary retort, and that iron went into our furnace largely 
as Fe,0O3. 

We really knew—for we were electric-furnace people—very little about the con- 
densation of zinc. As a matter of fact, my study shows that there is not very much 
known about large-scale condensation anyway, and so we followed the scheme that 
had been developed at Trollhattan over some 15 years, designing a condenser some- 
what different from the one used there, making it safe from the operative view, which 
was of primary importance to us. We had seen their condensers blow out repeatedly 
on slight interruption of power supply. We are dealing here with condensers half 
the size of this room. We added an automatic safety device that flushed carbon 
dioxide into the condenser the instant there was the slightest change in pressure in the 
condenser. It worked very satisfactorily. 

Before we were through with the two years campaign, however, we learned much 
about zinc condensers, and we made designs for liquid zine recovery. Unfortunately 
they were not put into practice because of the closing down of the plant. We believe 
the new design will produce over half the metal in liquid form, and the rest in pow- 


der form. 

A. J. Puires.—I presume the charge was thoroughly dried? 

* Works Manager, Irvington Smelting and Refining Works. 

+ Superintendent of Research, Central Research Laboratory, American Smelting 
and Refining Co. 
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W. S. Lanpis.—We used such drying facilities as were available and we tried hard 
to get it as dry as possible, but some moisture got into the furnace inadvertently. 
The plant was very much out of repair; the roof leaked, ores would get wet in transfer, 
and drying facilities were rather inadequate to cope with the tonnage this furnace 
smelted. We knew the very serious influence of moisture and just did the best we 
could with the facilities at hand. It was intended ultimately to dry thoroughly, just 
as we dry for all our electric-furnace operations in this country. 

The condenser on the large furnace was in three compartments; that is, there were 
dividing walls between the compartments, forcing the gas to take a tortuous passage 
through them. In section 1 of the condenser we obtained 58 per cent of the total 
powder made. ‘The zinc content of this powder was 81.4 total zinc, the metallic zinc 
66.7 per cent. In section 2 we obtained 28 per cent of the total make of powder with 
the total zine content of 85 per cent and a metallic zine content of 72 per cent. Ina 
furnace of such size, there is a tremendous amount of dust carried over, so these powders 
are contaminated by a very large amount of dust as well as with some oxidation of the 
powder during condensation. 

Inasmuch as oxidized powder all went back to the smelting furnace automatically 
from the rotary, we did not at the start pay much attention to improving the quality 
of that powder. The extra kilowatt-hours did not mean so much in this prelimi- 
nary work. 

In section 3 we obtained only 13 per cent of the total make of powder, which 
carried 84.4 per cent of total zinc, 70 per cent in the metallic form. These figures 
differed somewhat with the variety of ore. We had practically equal quantities of 
powder in the three units, averaging a total zinc content of minimum 82, maximum 87; 
metallic, minimum 70, maximum 75. 


A. Burts,* Bethlehem, Pa.—How was the reducing atmosphere maintained? 


W.S. Lanpis.—No attempt whatever was made to control the atmosphere of the 
rotary furnace. The powder was charged as taken from the condenser. Because 
the powder is quite inflammable, it was caught in large, heavy, closed cans, taken over 
and dumped into a hopper above the rotary furnace and fed from the bottom by 
screw. It carried a considerable amount of entrapped air, but no attempt was made 
to go to the refinement of such things as producing a reducing atmosphere in the 
rotary, because we believed they were going to write the rotary out of the picture 
before we were through, in which event the powder would go directly to redistillation. 


A. Burrs.—Was there not considerable reoxidation? 


W. S. Lanpis.—Yes, there was a considerable amount of reoxidization after the 
powder residue left the rotary furnace. It was a continuous operation, and prac- 
tically all of the powder after leaving the rotary furnace burned to oxide before going 
back to the original smelting furnace. Very little zinc metal ever got back, even 
though there was metallic zine in the unliquefied residue inside the rotary. 


A. Burrs.—The rotary was electrically heated also? 
W.S. Lanpis.—Yes. 
A. Burrs.—And that did not redistill? 


W. S. Lanpis.—No, it ran at a temperature just barely above the melting point 
of the zine. 


A. Burrs.—How did you keep so low in arc heating? 
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W. S. Lanpis.—It was not an are furnace. The smelting furnace was a three- 
phase arc furnace; the rotary was a resistance furnace in which 8-in. high-resistance 
carbons were set parallel with the axis about 8 or 10 in. away from the side walls, and 
they rotated with the furnace. A brush on a commutator structure took the power 
into the carbons. Those carbons lasted for a long time, but ultimately the abrasion 
of the metal would wear them through and they would break. It was a matter of a 
short time to slip out one and slip in another. 


C. P. Linvitiz,* Bound Brook, N. J.—What was the justification for the rotary 
furnace in the first place? 


W. S. Lanpis.—That goes back of my history, and unfortunately I could find 
nobody that could tell me the early story. It seemed to be the keynote of this par- 
ticular DeLaval process to condense the furnace product as powder and then 
liquefy that powder into metal in an additional step. Others have made other types 
of furnaces to perform the same liquefaction of the powder. In a DeLaval plant 
in Norway there was a tank on the bottom of the condenser with a curious wobbly 
motion that was supposed to reduce the powder and shake it into liquid metal. 

The rotary was a fairly satisfactory unit, but it needed a great deal of mechanical 
improvement. Some means was required to take the discharged powder from the 
furnace back to the smelting furnace without letting metallic zinc again oxidize. 


W. S. Lanpts (written discussion).—In a recent attempt to learn more of the early 
history of the DeLaval process, it appears that the inventor recognized the difficulty 
of producing and handling liquid zinc on a large scale from an electric smelting 
furnace. He apparently experienced this in his first experimental work and learned 
also of the same difficulty having prevented developments of the electrothermic 
process by others working in this field. Instead of being stopped by this very serious 
difficulty, he next attacked the problem of condensing all the zinc in the form of 
powder, believing that some contrivance could be developed to liquefy this powder. 
His answer was the rotary furnace as described. 

A complete understanding of the principles of condensing zinc vapor in a smelting 
operation that slags the impurities and reduces all of the ordinary reducible oxides 
apparently was not a subject of comprehensive investigation, or at least has left no 
permanent records. It must be recognized that the process itself was designed orig- 
inally to smelt ores that could not be treated in the ordinary retort. Such ores 
contain relatively large quantities of reducible oxides and at the temperatures of the 
electric furnace, which are probably of the order of 1500° C. or above, lime is reduced 
to carbide, silicon and iron to ferrosilicon, and in consequence the proportion of the 
oxides of carbon to zinc vapor are relatively much higher than when smelting a high- 
grade ore in the small retort. With our better knowledge of the effect of dilution on 
the condensation of metallic vapors and particularly of the adverse effect of water 
vapor and carbon dioxide, we must appreciate that DeLaval had a real argument for 
his principle of condensing as powder and then reworking the powder. It becomes 
an extremely difficult problem to handle on the scale in which even our small 5000-kva. 
furnace smelted, a mixture of powder and liquid zinc. Remember, this is a con- 
tinuous operation and we cannot pull down our apparatus in the manner comparable 
to the operation of a small retort with its prolong. While we believe that the con- 
denser design worked out on the basis of our experience will satisfactorily solve this 
problem, I cannot present operating data, for it was not installed before we were forced 
to abandon the work. 

We did consider that we satisfactorily solved the problem of designing and oper- 
ating the largest unit that has ever been projected for this industry and believe that 
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it is quite feasible to build and operate a 10,000-kva. furnace. Also, that such furnace 
can be equipped with a condenser that will operate satisfactorily to produce all 
powder. We feel confident that by a change in the condenser arrangement a goodly 
part of the metal can be tapped out in liquid form and still permit handling the large 
quantities of powder that seem to be a necessary evil in electric-furnace smelting. 
We also believe that this quantity of powder can be continually reduced by better 
knowledge of the pretreatment of the ore, reducing the amount of the peroxides to the 
minimum, eliminating as far as possible the dragging in of entrained air, and certainly 
by more facilities for controlled roasting and for drying all elements that enter into 
the charge. We are not so optimistic, however, as to believe that we can completely 
eliminate the dusting of the charge into the vapor stream or reduce the oxygen problem 
to a point where we will make no powder. Asa matter of fact, in units of this size it is 
very doubtful whether the cheapest and most convenient method will not be to take 
whatever a moderately complicated condensing system delivers and finish the oper- 
ation in the redistillation furnace, since the operation of these large furnaces is not at 
all complicated. They require very little attention and service, because automatic 
control is so highly developed. While the power consumption is, as has been stated, 
approximately twice that of the electrolytic process, one must not lose sight of the 
fact that investment in electric furnaces is comparatively small as compared to the 
electrolytic process and the servicing much less burdensome. The question of power 
consumption in localities where such processes logically find their place is not at all 
the controlling factor. 


St. Joseph Lead Company’s Electrothermic 
Zinc-smelting Process 


By Grorce F. Weaton,* Memeper A.I.M.E. 


ALTHOUGH an almost continuous campaign had been carried on by 
various experimenters since 1885 to find a commercial process of smelting 
zine by electrothermic means, no commercial success was attained in 
the United States. The St. Joseph Lead Co., appreciating the theoretical 
possibilities of such a process, such as the ability to construct units of 
large capacity, quality control, and the possibility of treating complex and 
refractory ores, decided in 1926 that the process was worthy of further 
investigation, and in that year, at one of its southeast Missouri plants, 
began the development of the electrothermic zinc-smelting process 
according to the invention of the late Earl C. Gaskill. 

Late in 1929 the process reached a stage of commercial significance, 
and in 1930 the erection of a modern electrothermic zinc smelter was 
begun, at Josephtown, Beaver County, Pa. The site is 3 miles from 
Monaca, which is on the main line of the Pittsburgh & Lake Erie Rail- 
road, and a spur of the railroad has been constructed to the plant site. 
The site borders upon the Ohio River, which is navigable for 600 to 
800-ton barges. This district was selected for the plant after an economic 
survey involving such questions as cost and availability of electr-c power, 
reduction fuel, transportation facilities, and the transportation charges 
on raw and finished materials, labor conditions, and taxes. 

The initial unit of the plant was designed to treat daily 120 tons of 
58 per cent zinc sulphide concentrates from the company’s mines in 
St. Lawrence County, New York. 

The plant equipment is housed in seven modern steel-frame buildings, 
and includes: 


Roasting and Acid Plants 


3000-ton concentrate storage. 

Two Nichols-Herreshoff 21 ft. 6-in. diameter, 12-hearth roasters with usual cast- 
iron airshaft supporting chromium-alloy rabble arms and rabbles. 

SO, gas purification system consisting of: 
One double-compartment hot-dust Cottrell precipitator. 
Cast-iron sinuous air-contact gas cooler. 
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Lead-water contact gas cooler, scrub tower. 

Acid-mist Cottrell precipitator. 

Large coke filter. 

Two drying towers in series. 

Clean SO, gas and acid system consists of: 

Three Connersville gas blowers. 

Two acid units (Fig. 1), each having: three heat exchangers; two vanadium 
pentoxide contact mass converters; one oleum absorber tower; one 98 per cent 
sulphuric acid absorbing tower; two 1000-ton acid-storage tanks. 

Exit gases pass through one limestone neutralizer before final passage into 
atmosphere. 


Fia. 1.—Two acip unlts. 


Roasted ore, or calcines, discharge to 16-in. water-cooled screw conveyor. 
Elevator to storage bins. 
Belt conveyor to sinter plant. 


Sinter Plant 


Storage bins for calcines, fuel, flux, reclaimed and waste zinciferous materials, 

etc. 
. Belt feeders under each bin, discharging to a common collect belt, which, in turn, 

discharges to a rotary drum mixer. 5 

Mix elevator. 

Tripper conveyors. 

Three bins for sinter-machine charges. 

Three rotary table feeders. 

Three 42-in. by 44-ft. Dwight-Lloyd sintering machines. 

Three gas-ignition muffles. 

Three fans; 30,000 cu. ft. per min. at 14 in. water pressure. 

Pan conveyors for handling hot sinter to two crushing rolls, one of which is in 


closed circuit with maximum and minimum trommel screens for sizing product. 
Storage bin for product. 
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Coke-preparation and sizing plant. 
Residue-treatment plant. 
Belt conveyor for handling coke and sinter to furnace plant. 


Furnace Plant 


Eight storage bins for sized coke. 

Bight storage bins for sized sinter. 

Sixteen counterbalance constant-weight feeders. 

Eight rotary preheating drums (Fig. 2), also showing furnace top. 

Hight electric furnaces, 4 ft. 9-in. diameter by 36-ft. shaft (Figs. 3, 4 and 5). 

Oxidation manifolds and oxide carrier ducts. 

Electrical power needs are furnished by two 66,000-volt transmission lines, supply- 
ing current to two banks of transformers, each bank consisting of: three 1500- 
kva., 66,000/2300-volt, 60-cycle, single-phase units (Fig. 6). 


Fic. 2.—RoTarRy PREHEATING DRUM. 


Each furnace is served by three 2300/320/ 160-volt 1800-amp. single-phase trans- 
formers (Fig. 7). Minute regulation of furnace voltage is done by an induction 
voltage regulator in series with each transformer. 

Each furnace’s electrical system consists of three independent single-phase circuits. 
The electrodes of each circuit are 120° center to center and are spaced 
24 ft. apart vertically. The electrodes serve only as charge contactors, the 
charge itself constituting a resistor of 57-in. normal diameter by 24 ft. long. 


Oxide-collecting System! 


Each furnace is served by: 
One fan of 30,000 cu. ft. per minute capacity when handling 250° F, gas at 8 in. 
: water gauge and 
One separator cyclone. 
One hundred and fifty cotton filter bags (Fig. 8) are used, each 18-in. dia. by 45 ft. 
Each bag unit is shaken periodically by automatic shakers. 
Oxide-collecting and transport equipment. 
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Figs. 3-5. —ELEcCTRICAL RESISTANCE FURNACES. 
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Common to all units is the battery of fine-mesh shaking screens, packers, and 


so forth. 
Ample storage facilities for finished materials. 


Fic. 6.—TRANSFORMER UNITS. 


Fia. 7.—TRAN SFORMERS AT FURNACE. 


Maintenance and Research 


In addition to the process equipment, the plant has a well equipped 


tenance shop and a modern change house for the operators. In the 


main ; 
achine shop, a tin shop, 


mechanical department there is a well equipped m 
a carpenter’s shop and a blacksmithing shop. 


604 ELECTROTHERMIC ZINC SMELTING 


Laboratories and offices are housed in a three-story brick building, 
the top floor being occupied by the analytical laboratory, the product- 


Fic. 8.—BAGHOUSE. 


control laboratory, the laboratory in which microscopic studies are 
made, and a general research laboratory and library. 

The second floor is occupied by the staff, accounting, purchasing, 
and engineering offices. 


Fia. 9.—Sr. JosspH LEAD CoMPANY’S ELECTROTHERMIC ZINC-SMELTING PLANT. 


The first floor contains the paint-research laboratory, the rubber- 
research laboratory and the constant-temperature, constant-humidity 
testing room. 
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The plant has its own pumping station, drawing water from shallow 
artesian wells near the Ohio River. A general view of the plant is given 
in Fig. 9. 


THe Process AND Its OPERATION 


Zine concentrates, as received in boxcars from the company’s mines 
in St. Lawrence County, New York, contain about 3 per cent moisture. 
The chemical analysis of the ore is: Zn, 57 per cent; Pb, 0.6; Fe, 6.6; 
Cd, 0.1; SiO», 1;CaO and MgO,0.7. Carsareunloaded bya standard box- 
car grain-drag scraper, which drops the concentrates into an elevator pit, 
from which they are elevated to the storage bins. The concentrates are 
drawn from the storage bins by apron feeders discharging upon a belt 
conveyor. Installed with the conveyor is a weightometer, which weighs 
all ore going to the treatment circuit via the Herreshoff roasters, which 
have chromium-alloy rabbles and rabble arms. Roaster temperatures 
are maintained up to 925° C. on some of the intermediate hearths. 
Sulphur is reduced from about 32 per cent in the original ore to about 
1 per cent in the calcines, about 97 per cent of the sulphur being driven 
off in the roasters. Likewise, about 82 per cent of the lead and 50 per 
cent of the cadmium are driven off, being recovered by the Cottrell in the 
SO, circuit, and separately treated. 

The SOz gases pass to the Cottrell at a temperature of approximately 
550° C., some heat being recovered between the roasters and precipitators, 
by means of annular jackets through which passes the air required 
for the roasting process. The gases are further cooled by air-contact 
coolers and water-contact lead coolers, and enter the scrubbing tower 
at about 85° C. After passing through this tower the gases pass 
to the mist Cottrell, where sulphuric acid mists formed by con- 
version in the roasters, or from sulphates, are precipitated. The 
gases then pass through a large coke filter, which contains carefully 
sized coke, graded into filter beds. The lower layers consist of 
coke of considerable size, grading down to 20 mesh at the top layers. 
From the coke filters, the SOz gases pass into two 13-ft. drying towers 
in series, through which 63° Bé. sulphuric acid is circulated. The 
gases leaving the towers average 6 to 7 mg. moisture, and 0.03 mg. of 
H.SO, mist per cubic foot. The gases then pass through the blowers, and 
the system changes from “suction” to “pressure” for passage through 
the heat exchangers and converters. The gases return to the heat 
exchangers, where the heat of reaction due to the oxidation of the SO: to 
SQ, in the converters is utilized to heat the incoming SOz gases. The SOs 
gases then pass through the oleum towers, and on to the 98 per cent 
H.S0O, absorbers. A constant circulation of 98 per cent H2SO, at a tem- 
perature of 80° C. over these units absorbs the SO3 efficiently, the exit 
gases passing through the limestone neutralizer before making final exit 
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into the atmosphere. Acid of 60° to 66° Bé., or oleum, may be shipped 
either by tank car or river barge. The acid in the absorber system is 
continuously titrated by means of a bridge-type titrimeter balanced to 
a standard strength of acid in a sealed cell. Titration is continuously 
recorded. Conversion averages about 96 per cent. 

Returning now to the zine circuit: The roasted concentrates, or cal- 
cines, fall from the twelfth, or bottom hearth of the roasters through a 
grizzly, pass a flap-gate air lock situated in an inclined chute, and fall 
into a 16-in. water-cooled screw conveyor operating at 5 r.p.m., which 
discharges into an elevator that discharges into a storage bin. This bin 
discharges the calcines upon an intermittently operated belt conveyor 
equipped with a weightometer for transfer to the storage bin at the 
sinter plant. 

In the sintering process, inasmuch as an unusually hard sinter must 
be made, to stand sizing within definite limits for use in the furnaces, there 
is a considerable circulating load of so-called sinter fines, which are 
rejected from the minimum sizing screen. These, together with the 
calcine, coke fuel, reclaim and waste products, flux, etc., are thoroughly 
mixed and wetted to contain approximately 10 per cent moisture, then 
elevated to small storage bins from which the charge to each sintering 
machine is controlled by a rotating flat table under each bin. This 
table is driven by a variable-speed motor. Distribution on the sintering 
machine is done by the usual swinging spout. A bed thick enough to 
give a 10-in. thick finished sinter cake is carried on the sintering machine. 
The chemical analysis of the sinter is: Zn, 59.8 per cent; Pb, 0.06; insol., 
8.18; SiO», 7.9; Fe, 8.8 and S, 0.1. The sintering machines discharge 
onto a heavy apron conveyor, which, in turn, discharges the sinter to a 
slugger roll, breaking the sinter cake to 4-in. size and smaller. Conveyors 
and elevators provide means for transporting the sinter to the maximum 
and minimum sizing screens, the. oversize being crushed by a smooth roll 
in closed circuit with the maximum sizing screen. 

Housed in the same building with the sintering apparatus is the coke- 
preparation equipment, which sizes the coke to practically the same size 
limits as the sinter, the process requiring that the entire furnace charge 
be sized within rather narrow limits. 

The reduction fuel is a standard by-product-oven coke. The sized 
coke and the sized sinter are separately conveyed to the furnace plant, 
and stored in bins over the furnaces. 

Also housed in the sintering plant is the residue-reclaiming apparatus 
where such values as can be reclaimed from the furnace-discharge residues 
are treated by screening and by magnetic separators, and returned to the 
sinter charge. 

Perhaps the most interesting and unconventional part of the plant is 
the furnace plant, as this contains what are probably the largest electrical 
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resistance furnaces in the world (Fig. 10). The furnaces have a bore of 
57 in. and are 37 ft. over allin height. The charge for the furnaces is fed 
from the coke and sinter bins, by means of constant-weight feeders adjusted 
within a very few ounces per minute to a determinate feed and a definite 
ratio of coke and sinter. Before entering the furnace, the mixed charge is 
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Fic. 10.—SEcTION OF ELECTROTHERMIC SMELTING FURNACE, Sr, Josppn Leap Co. 


constantly fed into the preheating drum, where it is heated to a tempera- 
ture of about 750° C. by means of natural gas. The preheated charge is 
fed into the furnace by means of a rotary distributor, which actually pro- 
motes a controlled segregation of the charge in the furnace. Leakage of 
the vapors and gases from the furnaces is kept very low by a small orifice 
through which the charge passes on its way from the preheater into the 
furnace. Each furnace contains upward of 25 tons of charge while in 
operation, and between the rotating discharge table and top electrodes 
the temperature is approximately 1200° GC. About 18 hr. is required for 
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the passage of the charge through the furnace, and each furnace requires 
about 29,000 kw-hr. daily. Voltage, which is subject to regulation 
according to the demands of the charge, averages about 265 volts. 

The vapors and gas escape from the furnace through 12 openings, dis- ° 
posed three on each of four levels, within the electrode boundaries, which 
are 24 ft. apart vertically. Inasmuch as the smelting charge itself 
constitutes the resistor, it is necessary that the ratio of the zinciferous 
charge to the coke be maintained constant; that an excess of coke over ~ 
that theoretically required for reduction be charged, the excess being 
reclaimed from the residues, and recharged; and that the sizing be fairly 
uniform in order that segregation in the furnace may be controlled and 
that second-class conductor characteristics within the charge may be 
prevented or modified. Assistance in the accomplishment of this is 
rendered by spacing several electrodes about the perimeter of the furnace, 
each of which is an independent single-phase electrical circuit between 
the top and bottom of the furnace. The furnace itself is of multiple-ring 
construction, each ring or section being not more than about 6 ft. high 
with a sealed expansion joint between adjacent sections. The bottom 
of the furnace is supported on a water-cooled ring, the worked-off charge 
being continuously taken from the furnace by a slowly moving rotary 
table discharging upon a pan conveyor. The gases and vapors from the 
furnace are oxidized immediately at the individual vapor outlets from the 
furnace, the rate of oxidation, which, in turn, controls the physical 
properties of the final product, being controlled by the amount of clean 
air permitted to contact the vapor stream at each outlet. The oxide is 
carried by the gas-air stream away from the furnaces, through the oxide 
fans, discharging into a large cyclone, where any carry-over of grit, suchas 
minute pieces of coke, etc., is definitely separated out, the remainder 
passing to the baghouse. Approximately one square foot of bag area per 
cubic foot per minute of gases is provided. The bags are cotton, 18 in. 
in diameter and 45 ft. long. The zine oxide clings to the interior of the - 
bag, the gases filtering through. Bags are shaken by mechanical 
shakers every 30 min. The oxide drops into collect hoppers, from 
which it is collected and taken to fine-mesh (40 to 52-mesh) vibrating 
screens, after which the oxide is packed in 50-lb. paper bags, or barrels 
containing 250 to 300 lb. each. From the packers, the oxide is either 
placed in storage, for later shipment, or loaded directly into cars for 
immediate shipment. 

The final product varies somewhat between different grades, depend- 
ing upon the chemical constitution desired by the customer. However, 
a typical example might be taken as: ZnO, 99.4 per cent; PbO, 0.01 to 
0.05; CdO, 0.002; Fe.03, 0.002; total S as SOs3, 0.06 per cent. 

Past methods used for the production of zinc metal from electric 
furnaces have not been very satisfactory from a commercial standpoint. 
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Present developments under way at the Josephtown plant are now show- 
ing great promise in this respect. 


Plant Control 


The control of the process described above depends largely upon 
laboratory results and is extensive, beginning with the analysis of the 
concentrates received from the mines, carried through every individual 
process in the plant, so that each part of the process obtains a known 
result for the government of later processing. Some results are reported 
to the plant every 2 hr. in order that the operations may be properly 
controlled. The analytical laboratory is well equipped to carry on any 
kind of analytical work that may be necessary in such a metallurgical 
plant, either for the control of the process or for materials that may be 
necessary to the process, constructional as well as those for processing. 
The process, under such control, produces high-purity products, and 
readily adapts itself to a wide variety of physical characteristics in the 
final pigment products. 

The physical laboratory has a Zeiss microscope and photographic 
apparatus, projecting apparatus, colorimeters, suspension apparatus, 
mount-preparation system, development equipment, and so forth. 

A well equipped rubber-testing and research laboratory is maintained 
for conducting tests to determine the physical or chemical properties of 
rubber compounds and the effect of pigments or other compounding 
ingredients on the properties of various compounds. All testing is done 
in a room with constant temperature and humidity. 

A paint-research laboratory is maintained for the purpose of incor- 
porating pigments into paints of various kinds and testing the properties 
of the pigments manufactured as well as the properties produced when 
these pigments are mixed with others generally used in the paint industry. 
- Laboratory equipment includes the usual mixing and grinding equipment 
accelerated weathering-test machine, and a large outside 45° southern 
exposure test fence. Mobility, viscosity and other laboratory tests are 
made in the constant-temperature, constant-humidity room, the materials 
to be tested remaining in this room long enough to acquire a stable condi- 
tion before testing. 


Intermittent Zinc Distilling from Ore 
By W. R. Ineauts,* Memper A.I.M.E. 


In choosing the unusual title given to this paper, in which the term 
“cyclic” might be substituted for “intermittent,” my idea has been simply 
in respect of precision. We might say old method vs. new method, but 
that antithesis implies something of substitution that has not occurred 
and perhaps is not in sight. We may say horizontal retorts vs. vertical, 
but none of the older retorts are truly horizontal, and there are three 
different types of vertical retorts. Other complexities might be suggested. 
There is, however, a broad distinction between distilling that is accom- 
plished in a periodic cycle, generally daily; and distilling that is accom- 
plished continuously, irrespective of whether it be done in the vertical 
retorts of the New Jersey process or in the retorts of the Trollhat- 
tan process. 

In offering a summary of the present state of the art with the inter- 
mittent process, I shall not have any idea of exemplifying it through 
descriptions of any single plants, but shall rather divide among the main 
steps of the process and outline what is best developed among them. In 
pursuing this thought, it will manifestly be impossible to make a composi- 
tion that will exemplify the acme of good practice, for the latter will 
always be a function of the cost of labor, fuel, etc., which are widely 
variable. As of 1929, in respect of labor we might generalize the average 
plant wage in the Pittsburgh-Wheeling district of the United States at 
$5 per day; in Oklahoma at $3; in Great Britain at $3; in Germany at 
$1.75—-$2; in Belgium and France at $1. With high labor costs the metal- 
lurgist will naturally use means of the nature of mechanization that with 
low labor would be uneconomical when capital charges are taken 
into account. 

Nor may we from records of performance safely make positive deduc- 
tions in respect of the efficiency of different types of furnaces unless they 
have been tested comparatively under identical conditions in the same 
works. We shall find gas-fired regenerative furnaces showing coal con- 
sumption from 1.2 tons down to 0.7 per ton of roasted ore, which may be 
ascribable to difference in the thermal value of the coal that is used or 
to differences in proportions of the parts of the furnace, which is some- 
thing quite distinct from the principle of the furnace. Thus, we have 
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found that in increasing the charge of certain furnaces by substantial 
percentages we have not increased the requirement of gas from the pro- 
ducers, with consequently a reduction in the use of coal per ton of ore. 
Such experiences meant that we had started from a furnace of incorrect 
functional proportions and had brought them into better harmony. 


OrE STORAGE 


Zine metallurgists who operate plants in close proximity to their ore 
supply, especially if the latter be a single mine, require less storage capac- 
ity than those situated remotely from ore supply, and especially those who 
receive ores from many sources. The arrangements for unloading ore, 
storing it, and perhaps making mixtures of it are not essentially different 
from those obtaining in the metallurgy of copper and lead. However, in 
zinc metallurgy I know of no present practice of mixing ores in beds, 
although I believe that has occasionally been done, and whenever the 
desirability of a mixture is indicated it is generally accomplished by 
drawing from separate bins. When ore is received in railway cars in 
winter it is often necessary to provide means for thawing. 


DRYING AND ROASTING 


Flotation concentrates, arriving with about 10 per cent moisture, have 
to be dried and screened, and perhaps comminuted to break uplumps. In 
American practice revolving cylinders, internally heated, are used for 
drying. Also plate driers of the Lowden type. For screening the vibrat- 
ing sieve is used. In some of our latest practice the preliminary drying is 
only partial, the process being completed on the top of the roasting fur- 
nace. From picking up the ore out of storage to delivery for distillation 
the passage of the ore is mechanical in the modernized American plants. 
In Europe there are also mechanized plants, e.g., Avonmouth and Rothem, 
but also there continues to be a good deal of shoveling and tramming, with 
good reason why there should be. 

The latest American roasting practice is with furnaces of the 
McDougall type, from 8 to 16 hearths high. A 12-hearth furnace of this 
type with hearths 20 ft. in diameter inside may roast 50 tons of ore per 
24 hr., burning down to 1 per cent sulphur. Survivals of the Hegeler 
furnace continue here and there. In Oklahoma, at plants that waste their 
sulphur gas, the Ropp furnace continues in use. All of the American 
furnaces are designed for large tonnage. 

In Europe, at one of the plants of Giesche Spolka Akcyjna (in Poland) 
Wedge furnaces (McDougall type) are used. Examples of the Merton- 
Lurgi furnace are to be seen; for instance, at Duisburg. In general, 
European roasting is done in Spirlet (mechanical) and Delplace (hand- 
raked) furnaces, both of which are sometimes to be seen in the same plant. 
Their capacities are relatively small, say around 10 tons per day, but their 
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efficiencies in respect of fuel consumption, degree of desulphurization and 
richness of sulphurous gas are high. With most of the good roasting 
furnaces at present coal consumption ranges from 20 to 10 per cent of the 
weight of the raw ore, varying according to type of furnace and the 
quality of the coal. The best practice is nearer the lower figure than 
the higher. 

In such furnaces as those at Langeloth roasting may be done without 
the use of any carbonaceous fuel. It has been done at Donora by the 
introduction of brimstone into the lowest hearth, which, if not strictly 
autogenous roasting, is roasting accomplished without the use of carbo- 
naceous fuel. Other departures from standard practice are the use of 
shower roasting (flash roasting) for Meadowbrook, W. Va., and at 
Deming, N. M., but this has not yet proved itself of common application. 

At Avonmouth and Swansea, Great Britain, the desulphurization is 
accomplished by Dwight-Lloyd sintering machines of immense size, the 
ore being passed over them several times. At Swansea the charge per 
machine is about 70 tons of raw blende plus 350 tons of return sinter, the 
proportion of the mixture being therefore about 1:5. In the final product 
the sulphur is reduced to 0.25 per cent. About 95 per cent of the total 
sulphur is concentrated in the roast gas, averaging 5.2 per cent. 

Ordinary roasting practice is furthermore now to be distinguished 
between preroasting and dead roasting, the former being stopped at about 
8 to 10 per cent sulphur remaining, and the latter being continued down to 
1 to 2 per cent, according to whether the further processing is to be by the 
Rigg method or by the Baelen method. If sintering is not to be done as 
preparation for subsequent distilling the desulphurization is performed 
as perfectly as is economically possible. As preliminary to electrolytic 
extraction, the metallurgist preserves some sulphur as sulphate in the ore 
to make good the loss of sulphuric acid in subsequent treatment and 
preserve the acid balance of the plant. 


SINTERING 


A few zine distillers continue to charge loose calcines, but in the major- 
ity of plants treating sulphide concentrates, both in Europe and America, 
the ore is sintered preliminary to distilling. This is done for the sake of 
better desulphurization, which may be carried as low as 0.25 per cent 
sulphur, and for the sake of improved results in distilling, which follow 
principally from: (1) the better desulphurization, and (2) betterment of 
reduction, etc. This improvement may have been of the order of 4 per 
cent; i.e., recovery of zinc may be raised from 86 to 90 per cent with refer- 
ence to the same ore and same practice. However, this is not to be inter- 
preted as a broad generalization, for a plant that was already enjoying 
good roasting would naturally experience less improvement by virtue 
of sulphur elimination than a plant wherein the roasting was not so good. 
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In general, we had confirmation of the classic theory that one unit of sul- 
phur holds back two units of zinc. 

On the other hand, the introduction of sintering carried with it some 
penalties. It introduced another process, involving the use of heavy 
machinery requiring attention, power for driving and upkeep. It intro- 
duced also a new outlet through which zinc might escape, and in a way 
not easy for recapture, the volume of gas being so large. In American 
experience the loss of zine by reduction and volatilization is negligible, 
even when the Baelen process is being used, and the major loss is by dust- 
ing, which can easily be mastered by suitable mechanical means. I am 
acquainted with a European practice, performed on American lines, in 
which the total loss of zinc in roasting plus sintering has been reduced 
to as low as 0.5 per cent. I do not think that we get as low as that any- 
where in America, but during the last 10 years the loss of zine under this 
head has been very much reduced. 

In sintering there are two major practices of general use; and two 
more that are of special use; that is, employed in single plants or by 
single operators. The major processes are the original Rigg method, in 
which the ore is preroasted down to about 9 to 10 per cent sulphur and is 
then sintered. In the United States this is used only at Bartlesville. 
The other process is the Baelen method, in which the ore is dead roasted, 
or nearly so, and then is sintered with admixture of 4 to 6 per cent carbon. 

In both of these processes the gas that is drawn off from the wind 
boxes was originally so low in sulphur dioxide as to be useless for manu- 
facture of sulphuric acid and with the Rigg method there was consequently 
a considerable loss of sulphur. At Avonmouth, however, by the use of a 
special seal (1928) covering the joint between the pallets and the wind 
boxes, dilution was reduced and gas of sufficiently good strength for 
sulphuric acid manufacture was obtained. This was improved (first at 
Uethemannhuette in Upper Silesia, and later at Avonmouth) by making 
the pallets slide on a well greased track, mechanically oiled. The annular 
form of Dwight-Lloyd, used in Germany, permits a good seal to be made. 

The two special processes are those that are used at Avonmouth 
and at Overpelt. At Avonmouth raw ore is desulphurized and sintered by 
repeated passes, to which reference has been made hereinbefore under the 
head of roasting. This process was previously tried at Herculaneum, Mo., 
but there it was not found to offer any advantage. At Avonmouth it has 
been thoroughly successful. This simply illustrates that the same process 
may be good in one place and not good in another, the determinative 
factor being economic conditions and manner of application. 

In the Overpelt process the ore is preroasted down to 5 to 7 per cent 
sulphur and is then moistened with water to which a small proportion of 
ferrous sulphate is added. The mixture is kneaded and extruded as 
threads about 4 mm. in diameter and 20 mm. long. After drying, these 
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threads are delivered to the sintering machine, which is able to take a bed 
about 20 in. deep—manifestly much more than can be charged with fine 
ore. The purpose of the Overpelt process is obviously to increase the 
porosity of the bed. The sintering is so expedited that the production 
of 213 lb. of sinter per square foot of useful grate area per hour is realized. 
Desulphurization is carried to less than 1 per cent total sulphur, and a gas 
containing 5 to 5.5 per cent sulphur dioxide is obtained and used for mak- 
ing acid. 

In the United States the only sintering apparatus used is the Dwight- 
Lloyd, straight-line machine, which functions like an endless belt, the 
pallets dumping at one end. In Europe the Dwight-Lloyd straight-line 
machine is used extensively, but there is also a considerable use of the 
Schlippenbach, an annular machine, in which the pallets move in a 
horizontal plane above a ring of wind boxes and trip for their discharge in 
a blank segment. 

There are some differences in control of the operation. Some metal- 
lurgists prefer to produce a hard, porous sinter, while others prefer a soft, 
friable sinter. This means that in one instance the ore is more extensively 
fritted than in the other and of course the nature of the gangue of the ore 
has a good deal to do with this. One of my friends in Europe thought 
that he had better reduction from Rigg sinter than from Baelen, made 
from the same ore. There are also differences in practice in respect of the 
degree of crushing the sintered cakes, the carefulness of sizing, the return 
of fines, etc. The metallurgical changes that may occur in sintering have 
not perhaps been carefully studied. There may be some beneficial 
prereduction of iron oxides. Reduction of cadmium, volatilization and 
loss of it obviously occur. By the addition of salt to the charge lead may 
be chloridized and volatilized, the ore being thus purified. Such modifica- 
tions have been the subjects of patents and of limited application. 


Dust CoLLECTING 


In roasting with multiple-hearth furnaces of the McDougall type the 
escape of dust attains large proportions, and with flotation concentrates 
it may rise to 8 to 10 per cent of the weight of the raw ore charged. The 
dusty gas escaping from the furnace is commonly led through a brick 
chamber in which a good deal of the dust, perhaps 50 per cent, settles 
by gravity, and thence through a Cottrell precipitator designed for hot 
gas, for of course the clarified gas must reach the Glover tower at a tem- 
perature high enough for it to function properly. 

In a few plants dust collection is effected by means of improved 
Siroccos, which are highly efficient as dust collectors from cool gas but 
in the course of time operate with impaired efficiency on hot gas contain- 
ing lead fume. Nevertheless, chamber acid has been made at Langeloth 
for the last seven or eight years with no other means of dust removal. 
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In roasting a blende containing cadmium and lead a large part of the 
former and a considerable part of the latter are volatilized and recap- 
tured in dust and fume. In roasting an ore containing 0.25 per cent 
cadmium, the cadmium may commonly be recaptured in the flue dust up 
to a tenor of 4 per cent, all of it as water-soluble sulphate. Lead is pre- 
cipitated in the Cottrell fume as sulphate. These products may become 
sources of cadmium and lead, respectively, as by-products. 


ConvEYING, CooLING AND MIXING 


The calcines discharged from the roasters are conveyed away mechan- 
ically by closed conveyors, good forms of which are the Jacoby, the well- 
known endless screw, and the push-plate. The calcines may be discharged 
into a cooler, a long cylinder revolving in a tank of water, in which their 
temperature may be so reduced that they may be safely dumped into the 
bins or tanks from which the sintering plant is fed. Up to, and through, 
the sintering plant all operations are performed in enclosures within 
which dust is confined or from which escaping dust may be recaptured. 
By such means the loss of zinc has been reduced to a mere fraction of 
what it used to be, and over-all recovery is consequently improved. 

The calcined or sintered ore, crushed and screened, is mixed with the 
desired proportion of reducing carbon and perhaps the addition of about 
1 per cent of sodium chloride. The function of the latter and the practice 
in respect of it will be discussed hereinafter. For reducing coal a good 
many materials are employed, largely according to availability and cost; 
e.g., anthracite fines or duff, coke breeze, a mixture of coke breeze and 
slack coal. Major considerations are not to have too much volatile mat- 
ter, the minimum of ash and the minimum of sulphur. There is no sense 
in taking pains thoroughly to desulphurize the blende and then to put 
sulphur back through the reducing coal. As a reducing agent there is 
some difference in the activity of certain carbons. Charcoal would 
theoretically be beneficial. 

Reducing coal performs the double function of reducing zine oxide 
and also acting as a sponge to hold up molten slags and so protect the 
retorts. For the latter purpose a large excess over the theoretical require- 
ment is commonly employed, but in the practice of the last 10 to 12 years 
this has been immensely cut down, especially in American practice. In 
most of our works the amount of reducing coal used is now 30 per cent or 
less. In some European practice the proportion is still as high as 45 per 
cent. In speaking of these percentages we always mean the wet weight 
of the material rather than the dry weight of its carbon. 

The mixing is now done mechanically, in substantially the same way 
as the mixing of concrete. The same type of machine is employed for 
both. In American practice the mixture is deposited in cars that are 
trammed to the furnaces, from which it is shoveled directly into the 
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retorts. In some European practice the charge is deposited on the floor 
immediately in front of the furnace, and if blue powder and other between 
products are going to be mixed with it that is about the only way to 
proceed. With mechanical mixing the responsibility of the mix-room 
foreman is large, for thorough mixing is important. Even after that has 
been accomplished there is the possibility of resegregation in subsequent 
handling, considering that the mixture is composed of materials of quite 
different specific gravity. 


DISTILLING 


In general practice all over the world distilling is performed in a cycle 
of 24 hr., of which the maneuver (the operations of drawing spent residue, 
the scraping of condensers, recharging, replacing condensers, replacing 
broken retorts, etc.) occupies from 5 to 2 hr., the latter being exceptionally 
low and 4 hr. being about the lowest of good practice in general. After 
gas has been turned on, about 2 hr. is required for the performance of 
preliminary reactions following which the condenser flames become purple 
and then begin to show tinges of green from burning zinc. The time of 
active distillation is therefore about 18 hr., whereof the first quarter is 
a waxing period and the last quarter is a waning period. Manifestly, 
the greater the celerity of performing the maneuver, the longer is the 
period of active distilling, but of course the temperature gradient is very 
much of a correlative factor in all of this. The cycle might be prolonged, 
from 24 hr. to 30, 32 or 36, and improved recovery with less breakage of 
retorts be obtained; and, indeed, in America in the recent years of depres- 
sion, some of metallurgists have done just that, and with the benefits 
indicated by theory. This has been economically indicated only by the 
possession of a surplus of furnaces. It would be clearly uneconomical 
to provide a surplus of furnaces at original cost for such an objective. 


Furnaces 


With but few exceptions the zinc-distilling furnaces of the world are 
now gas-fired and heat-recuperative in one way or another’. Gas is 
derived from gazogenes, which are installed in batteries near the furnaces, 
or perhaps in a central plant from which it is piped to all furnaces. The 
gazogenes, or producers, themselves are of standard types and as they are 
employed in great variety they need not be described here, nor even men- 
tioned. The Muensterbusch plant at Stolberg has a central gas produc- 
tion. So does Rose Lake, at East St. Louis. There may be others that 
I do not recall. Palmerton to a considerable extent employs gas from 


‘The term “recuperative’ is here used in its broad sense. In technical ver- 
nacular, however, we commonly use this term as descriptive of furnaces effecting 
heat exchange between currents moving in constant directions and describe as regener- 
ative furnaces those in which the direction of currents is reversed at intervals. 
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its spiegeleisen blast furnaces, and Rosita uses coke-oven gas, both of 
which come to the same thing at a central plant. In the American 
Southwest natural gas is employed. Distilling furnaces have been fired 
with petroleum and with coal dust, but those have not been common 
practices and are of interest only as precedents. 

Except for our American natural-gas-fired furnaces, almost all dis- 
tilling furnaces are heat-recuperative, indirectly if not directly. The 
Hegeler furnaces of the United States deliver their products of combus- 
tion through waste-heat boilers for generating the steam required in the 
plant, and the credit for that reduces the furnace quotient to a reasonable 
figure, perhaps as low as one ton of coal per ton of ore. The steam genera- 
tion is usually short of the plant requirement for power and may have 
to be boosted by accessory coal-dust firing. The waste gases from the 
Hauzeur furnaces, at Auby, also pass through steam boilers. So also 
have I seen steam boilers following regenerative furnaces, but that is 
unusual and ought not to be necessary if the checkerworks are of adequate 
capacity, which is not always true. 

Of the truly recuperative furnaces the continuous, countercurrent 
system has surrendered to the alternating, reversing, or Siemens system. 
The experience at Palmerton, where the two types were operated side by 
side, and where the change was definitely made about 1924, may be 
regarded as having settled this question that for a long time was debatable. 
As compared with the Siemens furnaces that were substituted for them, 
they used about 30 per cent more coal and let their gases waste to chimney 
at 560° to 600° C. vs. 360° C. At about the same time Siemens furnaces 
were substituted at Muensterbusch for the recuperatives that had long 
been used there. 

Of the reversing regenerative furnaces there are several major types, 
but their number is not large in respect of differences of principle. In one 
major type there are four checkerworks, two for air and two for gas. In 
another major type there are only two checkerworks, which are only for 
preheating air, and the gas producers are then preferentially put close to 
the furnace so as to deliver the gas with as much as possible of its initial 
heat. On the basis of these fundamental differences furnaces will be 
distinguished according to the movement of the gas currents within their 
combustion chambers. 

The original Siemens furnace (spoken of before as the Auby furnace) 
has four checkerworks, and the gas and air issuing from their ports rise 
and descend alternately over a middle wall. Furnaces of this type are 
used at Rose Lake, Peru and Palmerton in the United States; at Stolberg 
(Birkengang works), Hamburg, and elsewhere in Europe; indeed, quite 
generally in Germany. The Welzer furnace has four checkerworks, from 
which the gas and air reverse in alternate directions. This furnace is 
used at Overpelt and Lommel, in Belgium, at Uethemannhuette in Upper 
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Silesia, and elsewhere. The Tanier furnace that was developed at 
Sclaigneaux is a modification of the Welzer and is used extensively at 
other plants in Belgium and the north of France. The Van Gulck furnace 
has checkerworks for preheating air only. The gas and air reverse over 
a middle wall, as in the Auby furnace. The Van Gulck furnace is used 
at Avonmouth, at Swansea and at Montagne. 

The Dor-Delattre furnace, which was developed at Budel, also has 
checkerworks only for preheating air. It is distinguished from all other 
distilling furnaces in that instead of having the checkerworks in the 
inferior structure the Dor-Delattre has them at the end of the superior 
structure and conveys the gas and air through longitudinal canals above 
the combustion chamber instead of beneath it. In the Berzelius works 
at Duisburg the furnaces are of similar design. Asturienne has one of 
the Dor-Delattre furnaces at Auby and four at Aviles (Spain), and it is 
noteworthy that when Vieille Montagne rebuilt Fléne and Valentin 
Cocq a few years ago it adopted this form of furnace. The Dor-Delattre 
design permits the checkerworks to be built of adequate capacity, only 
at the expense of floor space, whereas when they are built in the lower 
part of the furnace they are subject to certain limitations and frequently 
are not made large enough. The Dor-Delattre system may have some 
other distinct advantages. 

Except the Dor-Delattre furnace, all of the regenerative distilling 
furnaces have their checkerworks in their substructure. As to their 
superstructure it is now difficult to classify sharply between the Belgian 
and the Rhenish type, for whereas some furnaces exist in their purity 
there are many that share the characteristics of both types. The Rhenish 
furnaces of Europe have commonly from 216 to 288 retorts of 2 to 3 cu. 
ft. internal volume, arranged in three rows, the two fronts being divided 
into closets, or windows, each containing the condensers of two retorts. 
The Belgian furnace has retorts of smaller volume, say 1.5 to 2 cu. ft., 
and more of them; the Dor-Delattre has 432, arranged in six rows, but 
five-row furnaces are more common. In the United States our Hegeler 
furnaces have commonly 608 retorts in four rows. The Neureuther- 
Siemens furnaces have commonly 800 retorts in five rows. In general 
the tendency in the United States has been to reduce the number of rows 
to four, especially in the Hegeler and natural-gas-fired furnaces. Ameri- 
can metallurgists generally stick to the cylindrical retort, but some have 
adopted retorts of elliptical cross section, and in certain instances their 
axes are as large as those of the Rhenish retort. In all American furnaces 
the inner ends of the retorts rest on ledges projecting from the middle wall. 
Such construction also obtains extensively in Europe, but with the pure 
Rhenish furnaces there is no middle wall, the arch springing from face to 
face, and the inner ends of the retorts rest on the ledges of a perforated 
wall or banquette, and with retorts of great length, up to 72 in., and even 
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78 in., an intermediate support of the same nature is provided. In 
American practice retorts longer than 54 in. are seldom to be observed, 
although we do go up to 60 inches. 

Even with the purely Belgian furnaces the devanture (the front 
structure) is deeper in Belgum than in America; i.e., the condensers do 
not stick out so far beyond the plane of the face of the furnace. The Dor- 
Delattre furnace has a shield that can be pulled up or down, more or less 
like a Venetian blind, protecting the front of the furnace against drafts 
of air. The same thing was in the mind of E. C. Hegeler when he sur- 
rounded his entire furnace with a curtain of sheet iron, which also is to 
be seen at Danville. The Rhenish furnaces usually have hoods extending 
along each front of the furnace, connecting with a main, through which 
noxious gas and fume are drawn off. Escaping zinc oxide, chloride, etc., 
may be recovered from this system, but trials in the way of doing so have 
demonstrated that it is not worth while. The prolongs themselves are 
effective collectors, and from a European zinc distillery there does not 
hang the great cloud of white smoke that hovers over many Ameri- 
can plants. 

The essential requirements of a distilling furnace are economy of 
fuel, uniformity of temperature, and such arrangement of inlets and out- 
lets for gas, air and combustion of products that they do not become 
clogged with dripping slag, dust, ete. Economy of fuel results from the 
proper proportion of retort space to combustion chamber, and of checker- 
works, together with avoidance of excess of secondary air. Uniformity of 
temperature is accomplished by the proper distribution of combustion 
and restriction of the alternating travel of the burning gas. In any 
reversing, regenerative furnace, whether the currents be up and down, 
down and up, or end to end, there will be a neutral zone midway, where the 
furnace temperature will be slightly inferior. In the old Siemens furnace 
this zone will be above the middle wall, where there may be a fall of 50° C. 
in the furnace temperature. The metallurgist aims to achieve an even 
glow of white heat throughout the combustion chamber. In furnaces of 
the Welzer type (end to end reversal) I suppose that the neutral zone is 
reduced to the minimum, for the gas and air enter alternately through 
ports almost up to the median transverse line. 


Plant Layout 


Modern zinc-distilling furnaces are built entirely aboveground, except 
for their foundations, and are attended from an upper floor. The residues 
drop into side pockets, from which they slide into cars to be trammed 
away. Sometimes a mechanical conveyor is provided for that purpose. 
American furnaces of the Hegeler type and those in the natural-gas fields 
still have ash tunnels under them through which residues are removed. 
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In the European plants the furnaces are commonly lined up end to 
end with the retort tempering ovens between them, several furnaces being 
grouped ina hall. Sucha layout exists at Palmerton, but elsewhere in the 
United States the furnaces are laid out in parallel, each in its own house, 
except in the natural-gas fields, where there are two per house. In the 
vernacular of those districts, the separate furnaces are called ‘“‘stoves,”’ 
a pair of them still being regarded as a ‘‘block.” 

Most zinc-smelting plants having been evolutionary, there are to be 
observed in them unbalances among functional departments and irreg- 
ularities in equipment, such as furnaces of different types, different sizes 
of the same type, and different forms and sizes of retorts in the same fur- 
nace. Sometimes metallurgists consider that they have good reasons for 
variations; 1.e., elliptical retorts in the lower three rows and cylindrical in 
the upper two may be held advantageous for certain furnaces and certain 
ores. The ideal plant, in my opinion, has all functions in balance in 
multiples of two and all parts alike in each department. Thus, there may 
be four roasters, four acid systems, two sinterers and eight distillers, with 
no bottlenecks between the several departments. 


Retorts and Condensers 


The essential features of the process of distilling in the intermittent 
way are the retorts and condensers, which are made in a separate factory 
of the plant that in the American vernacular is called the “pottery.” 
From this the retorts, after seasoning (drying), are delivered to the 
distilling furnaces day by day as required, and, after tempering in a 
near-by kiln, wherein they are brought slowly up to bright red heat, 
or as nearly to furnace temperature as possible, they are drawn out for 
making replacements in the furnace. 

The batch for making retorts is a mixture of burnt clay (chamotte, 
grog) coarsely crushed and of raw, fat clay, in proportions of 50:50 to 
60:40. The chamotte forms the skeleton of the concrete, so to speak, and 
the plastic, raw clay is the binder. The more chamotte, the stronger is 
the retort; the more fine clay, the less porousisit. A physical balance has 
to be struck. There are also chemical considerations in so far as the char- 
acter and composition of the clays, together with other materials, may be 
adjusted to character of the gangue of the ore, from which slags will 
result. If the gangue be siliceous the retort should also be strongly 
siliceous; if the gangue be basic, either from iron or lime or both, the retort 
should be aluminous or inert. 

In accomplishing such purposes, substitutions for parts of the chamotte 
and clay aremade. _A common substitution almost everywhere in Europe 
is the introduction of coke dust, which should be as fine as possible, to the 
extent of 10 or 15 per cent, but in America this is scarcely ever used. The 
coke dust tends to give the retort somewhat of the qualities of a graphite 
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crucible. Another substitution is the introduction of some granular 
quartz, for the purpose of making the retort more siliceous. However, 
inasmuch as quartz has a higher coefficient of expansion than clay, the 
erains of it tend to have a rupturing effect when the retort is heated. 
This is counteracted by adding the silica in the form of flour, which during 
the last 10 years has been widely adopted in American practice. A 
mixture might be, for example, 25 per cent chamotte, 25 per cent silica 
flour and 50 per cent clay. Such retorts have done very well with our 
siliceous Joplin ore. Another innovation has been the use of carborundum 
retorts; e.g., 65 per cent carborundum and 35 per cent clay, which has 
occurred both in Europe and America and has offered the theoretical 
advantages of better heat conductivity and long life. With the retort of 
unchanged diameter, other conditions remaining the same, the better 
conductivity may increase zinc recovery by 2 per cent; or the diameter of 
the retort may be increased (as at Amarillo and Rosita) and heavier 
charging may be accomplished with undiminished zinc recovery. The life 
of the retorts may be tripled. With ferruginous ores and furnaces fired 
with producer gas, however, adventures with carborundum retorts in 
some instances have been quite disastrous, the retorts suffering corrosion 
from the outside as well as from the inside. Naturally, the carborundum 
retorts are much more costly than the clay retorts. The carborundum 
retort is therefore a utensil of occasional use rather than general use. 

With all types of retorts, it is obvious that the thinner the wall the 
better the conductivity. Practice has everywhere for a long time settled 
upon a wall thickness of about 1 in. and a butt thickness of about 2 in. 
As among the ordinary clay retorts, the graphitized retort and the silica- 
flour retort, I have been unable to discern any material difference in 
conductivity by pyrometric observations or in the way of zinc recovery 
apart from the matter of breakage. 

In cross section and dimensions the retorts that are used at present are 
of wide variety. The commonest form of the Belgian retort is circular, 
from 71% to 8 in. in diameter. Extensively used also are retorts of ellip- 
tical cross section. While we so describe them, they are really two half 
circles joined by a rectangle, which gives them straight sides. Dimen- 
sions may range from 6}4 to 7 1 in. for the short axis (width) and 9 to 
12 in. for the long axis (height). As a general principle, reduction in 
width improves penetration of heat, reduces retention of zinc in the 
residue and improves recovery. Height isnot afactorin this. Reducing 
the width of a retort from 814 to 8 in. brings about a striking improve- 
ment, from 8 to 7}4 further improvement, but not so strong, from 714 to 
7 and from 7 to 6} still further improvement, but at diminishing rates. 
In going below 7 in., there is increased difficulty in charging. 

Besides the circular and elliptical cross section there are also the muffle- 
shaped (not much in use now) and the oblong (with rounded edges), 
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the latter to be much commended. Different forms and dimensions may 
be produced by simply changing the die of the press. 

In length, inside dimensions, retorts run generally from 48 to 72 in. 
In European practice they are longer than in American, for we 
seldom go beyond 54 in. The ability to charge well and mechanical 
strength are of course governing factors. We may consider the retort as a 
hollow beam, supported at each end and carrying a uniformly distributed 
load of perhaps 250 Ib. at temperature of perhaps 1500° C., constructed 
of fragile material. 

The cross section of the retort and its length compound into cubic 
measure, or internal volume or capacity. In use in the United States are 
retorts ranging from 1.5 cu. ft. (old) to 1.75 cu. ft. (common) to 2.2 cu. ft. 
(unusual). In Europe retorts of 2 cu. ft. are now common and in some 
Rhenish furnaces they are of 3 cu. ft. In Belgium there has been in 
recent years a tendency to increase capacity for the sake of increased 
charging. During 1933, in one plant, dimensions of 1500 X 190 X 
220 mm. were increased to 1700 X 195 X 270. At another plant a 
length of 1.8 m. was adopted, its retorts then having an internal volume 
of 2.6 cu.ft. Retorts of length of 1.9 m., or 76 in., are of record. 

In all modern plants the retorts are molded under a pressure of about 
150 atmospheres by means of the Mehler or Dor-Delattre hydraulic 
presses, which are improvements of the original Dor press. The molded 
retorts are transferred to the drying rooms, wherein they season by 
gradual loss of their water. As freshly molded, they contain from 12 to 
15 per cent water and are introduced into the drying rooms at a tempera- 
ture of 60° to 70° F. With a gradual rise in temperature after the first 
15 days their water content will have been reduced to about 2.5 per cent at 
the end of 30 days; to about 1 per cent at the end of 60 days; and to about 
0.3 per cent at the end of 90 days, the temperature being gradually 
elevated to something like 130° F. 

Practice varies in respect of the speed and duration of drying. Some 
metallurgists use their retorts after a month of drying, while others insist 
upon three months, or four months, with a slow increase of temperature. 
We have records of substantial increases in retort life as a consequence of 
care and patience in this particular. At the best, a retort of clay or other 
refractory material is an imperfect vessel, being subject: to porosity, to 
microscopic cracks and to differences in strength when regarded as a beam. 
Retorts may be tested by closing them with an airtight cover, pumping air 
into them under pressure, as into an automobile tube, and painting the 
exterior with a solution of soap. Loss of pressure, which is always rapid, 
correlates with development of soap bubbles on the exterior, which are 
uniform if the retort be homogeneous, but irregular if there be microscopic 
rents, which let the air out very quickly. In order to counteract porosity, 
_ the retorts in European practice are commonly dressed inside and out with 
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a slurry of powdered glass and soda, or similar composition which upon 
burning glazes the retort. Such glazing is seldom done in Ameri- 
can practice. 

Condensers are made from mixtures of clay as for retorts, but inferior 
grades are used, and old retorts, cleaned of slag and crushed, often take 
the place of chamotte. In the United States, most condensers are of the 
simple conical form and made by a machine that forces a conical mandril 
into a conical mold containing the requisite quantity of clay. A belly 
may be produced in the tube by cutting out a gore from the larger end 
and drawing the two sides together; which, of course, is handwork. 
Condensers have been made by machine-molding, with a diameter at the 
large end greater than that of the interior diameter of the retort to which 
it is to fit, and reduced to fit by inverting the molded condenser into a 
conical ring, which is called ‘‘crimping.”” This produces a bottle-shaped 
condenser and may increase the interior area from 300 sq. in. to about 
360. Many different shapes of condensers have been, and are now, used. 
The more complicated they become, the more handwork is required. 
The old Rhenish condenser was a substantially rectangular tube, rounded 
atthe top. The Dagner condenser, used in Upper Silesia, is a composition 
of rectangular tubes. 

In length the Belgian condensers vary from 18 to 24 in., while the 
Rhenish and Silesian condensers were about 36 in. long. Recently, some 
of the Belgian metallurgists have increased the length of their condensers, 
even to as much as 35in. This subject is complicated and will best be 
discussed further on when we consider furnace operation. 

Condensers are sometimes burned prior to use and sometimes are used 
unburned. Either way the breakage of them is large and, as we shall see 
subsequently, this is a very important matter. The breakage is partly 
mechanical, from careless handling, and partly chemical. The latter 
is evinced by splits occurring while the condenser is in place and not 
being handled, such as a longitudinal rent or a ring-rent that may let the 
nose fall off. Specks of iron oxides in the clay and the action of hot 
carbon monoxide may have something to do with this. 


Coal Consumption 


The records are generally not comparable, for they fail to take into 
account the value of the coal, the grade of the ore and other variables, 
among which are both the type of furnace and the proportions of the 
furnace. The thermal efficiency of the best furnace is so low that large 
changes in the charging may be made without affecting the quantity of 
coal burned in the producers, but greatly altering the quotient of pounds 
of coal per ton of ore. We have found that out from experience. Not 
even is the temperature of the products of combustion escaping from a 
regenerative furnace to the chimney a true gauge, for though we might 


624 INTERMITTENT ZINC DISTILLING FROM ORE 


think that a temperature of 300° C. looks good the volume of the wasting 
gases may be too high, which always it will be if the excess of a secondary 
air be too great. 

Our practical deductions therefore are quite empirical. A Hegeler 
furnace distilling ore of 70 per cent grade with gas produced from coal of 
13,000 B.t.u. may give a figure of 114 ton per ton of ore, which with a 
steam credit of one-third may be reduced to 1 ton net. On the same grade 
of ore a regenerative furnace with coal of 12,000 B.t.u. may give a quotient 
of 1.1 ton, which perhaps might be reduced by heavier charging. With 
the best regenerative furnaces and the best practice coal quotients of 0.9 
and 0.8 are rather common. I know of one furnace that with coal of 
13,000 B.t.u. used only 0.72 overa month. These figures are very differ- 
ent from those of the old direct-fired furnaces that used to consume 3 or 
4 tons of coal per ton of ore. However, when we look at the New Jersey 
continuous furnace and see quotients like 0.5, we are conscious that we 
still have some distance to go. We should not overlook that in intermit- 
tent distilling there is a period of 6 hr. or so, including the time of the 
maneuver, when the furnace has to be kept hot without doing any directly 
useful work, wherefore 0.8 ton in one case and 0.5 in the other are not 
perhaps very much out of harmony?. We may also be cognizant that the 
intermittent furnace, having to rework a large proportion of intermediate 
products, is required to do the same work twice over. 


Reduction and Condensation 


The zinc oxide of some ores reduces more easily than that of other ores. 
One of the advantages of sintering has been improvement in that respect. 
The activity of the carbon employed as reducing agent also plays a 
role. Apart from such differences, the controlling factors in reduction 
are temperature and time, which are correlative. ‘Time may be increased 
by shortening the maneuver or extending the cycle to something more 
than 24 hr. Temperature is limited by the durability of the retorts and 
the stability of the furnace. In European practice there are maximum 
temperatures of 1400° to 1500° C.; in American practice, 1300° to 1400°, 
but rarely as high as the latter. These are temperatures in the combus- 
tion chamber; inside of a clay retort with 1-in. wall the temperature will 
be 100° to 200° lower. The front ends of the retorts, resting on shelves, 
will not be so hot as further in, consequently there will be poorly reduced 
ore in that place. Carborundum retorts, because of their superior con- 
ductivity, run hotter toward the front than do clay retorts. 

When the reduction of zine begins and the vapor starts to come over, 
the preliminary reactions have not been fully completed and the gas is 
high in carbon dioxide, which as the temperature falls in the condenser 


?In using this illustrative quotient for the continuous furnace, I am having in 
mind data prior to utilization of the gas escaping from the condenser. 
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acts oxidizingly on the droplets of zine and produces blue powder, from 
which we are never entirely immune although in the course of time the 
gas discharges with only about 1 per cent carbon dioxide. The blue 
powder, which to the naked eye is merely an impalpable dust, really is 
composed of microscopic globules, which show frostings and sproutings of 
zinc oxide that prevent the globules from coalescing. Amelioration of this 
is the rationale of the addition of about 1 per cent of sodium chloride to 
the ore. Volatilizing it is intended to dissolve the zinc oxide as chloride 
or oxychloride and so clean the pellicles of zinc and allow them to melt 
down. Probably that occurs. Anyway we find zinc chloride in the 
prolong dust. This spells a loss of zinc, though perhaps no more than will 
be suffered in redistilling a larger quantity of dust. At all events, the 
addition of sodium chloride to the ore is not essential. Meadowbrook, 
before it went over to continuous distilling, regularly ran without it. Of 
course the furnacemen have to get used to a different condenser flame, 
one that is deprived of the sodium coloration. 

The observation may be made that in American practice it is common 
to “stuff” the condensers; i.e., partly to close their outlet, allowing the 
gas to escape through a small hole, which is kept open by constant 
‘spiessing.”” This gives a certain internal pressure in the retort and 
condenser, and if this becomes too much, through inattention, the gas 
and vapor may break out through the luting around the joint between 
condenser and retort. When prolongs are used on the condensers they 
are open. If the prolong is on tightly the gas escapes through only the 
small hole near its end. In some European works there is an excellent 
practice of putting a small sheet-iron cuff around the nose of the con- 
denser, protecting it from breakage. 

The subject of zinc condensation is not very well rationalized from 
the practical point of view. The Dagner condenser of the Silesian furnace 
is soundly conceived, being a long pipe folded in zigzag and enclosed in a 
closet whose temperature can be controlled, but it is not easily applicable 
to a furnace of more than one row of retorts or to a practice of daily 
taking down and putting up. The Belgian and Rhenish furnaces with 
condensers registering with the retorts are restricted in length by thermal 
conditions—which is not, perhaps, of great importance inasmuch as 
lengthening of nose does not add much to superficial area; and restricted 
as to girth by lack of room and difficulty in getting at the joint for luting, 
etc. However, there is a certain latitude whereof advantage is taken. 
Swansea uses a condenser of 415 sq. in. internal surface attached to a 
2.2-cu. ft. retort. 

Nevertheless we see a good deal of practice wherein the density of 
charging is increased and the grade of the ore is increased and the volume 
of the retorts is increased while the condensers remain unchanged, 
although they are required to condense more zinc. In respect of this, it 
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is not so much a matter of the total pounds to be delivered in the 18 hr. of 
the period as it is the maximum pounds per hour. 

The Europeans take care of these conditions by their use of prolongs, 
which are efficient condensers of zinc as dust. Owing to their higher 
temperatures of driving, a good deal of vapor is put into them and col- 
lections are made from them of the order of 3 to 5 per cent of the zinc in 
the ore charged (occasionally as high as 15 per cent). Europeans are 
averse also to having ore of too high a tenor in zinc, and experimentally 
did not take kindly in Belgium and France to Joplin ore of 60 per cent 
grade (raw). However, Giesche, in Poland, has lately been distilling 
Silesian blende of that grade and Waelz fume of 70 per cent grade. 

In American practice, even with such high-grade ore, we do not with 
our milder driving put much zinc into the prolongs, which have been used 
only exceptionally, and only up to the first draw of spelter. 


Charging 


With the Silesian furnaces after the discarding of the knee-form con- 
denser, and with the Rhenish furnaces always, the condensers were fixed 
in place, the opening into the retort under them being closed by a plate, 
which was taken down for raking out the residue. The new charge was 
introduced through the condenser. With the Belgian furnaces the con- 
denser registered exactly with the retort, and for raking out residue and 
recharging of course it had to be daily taken down and put up again. In 
charging the Belgian furnaces, the ore mixed with coal was thrown in by 
means of ascoop shovel. In charging the Silesian and Rhenish furnaces, 
the ore mixed with coal was introduced through the condenser by means 
of a long-handled, long, narrow spoon, which was inverted when it had 
been pushed far enough into the retort. 

There was something to be said in favor of the apparently clumsy 
method of charging through the condenser. Because of the depth of the 
closets, a throw would belong. The idea prevailed among many furnace- 
men that they could charge the retort more fully by this method than by 
throwing. The condensers did not have to be taken down and put up 
again until they were ready to be discarded, which saved some labor in 
the maneuver. On the other hand, charging through the condenser was 
slower than by throwing. With athree-row Rhenish furnace in a Silesian 
works the filling of a single retort required 314 min., but for throwing in 
the charge the time was only one-half as long. Of course, either of these 
times look slow in comparison with what chargers do in American works. 

The practice of keeping up the condensers and charging through them 
by spoon prevailed extensively until recently but during the last 10 years 
most works have gone over to the Belgian practice of making a condenser 
that fits the retort, taking it down and putting it up every day, and filling 
the retort by throwing in the charge. 


W. R. INGALLS 627 


The charger has one of the very responsible positions. His work is 
arduous. The idea of substituting mechanical charging for hand-charging 
has consequently been engaging. Numerous mechanical chargers have 
been designed and applied on a regular working scale. These may be 
generalized as slingers and shooters, the former being designed to throw 
in the charge and the latter to shoot it in. In American practice such 
chargers have been used at Palmerton and at Rose Lake. In Europe 
there have been many applications, the most noteworthy of which is at 
Rothem, in Belgium. 

In general, the conclusion has been, I think I am safe in saying, that 
there was no material gain either in labor saving or in efficiency of per- 
formance, and that when first cost, upkeep, etc., are considered, they are 
not worth while. At Rothem, however, the Dor-Delattre charger, which 
shoots in the charge, has continued in regular use for a good many years. 
It puts 13,000 lb. of ore into 210 retorts in 20 min., and reduces the total 
time of the maneuver to 2 hr., leaving 22 hr. for distilling. 


Density of Charging 


During the last 15 years in American practice, and more recently in 
European practice, much attention has been given to increasing the 
density of the charge, which means increasing the number of pounds of 
ore introduced per cubic foot of retort volume. Accomplishment of 
improvement in this direction depends on several factors, among which 
are: (1) specific gravity of the ore; (2) proportion of reduction material 
mixed with the ore, for obviously the less reduction material the more 
room there will be for the ore; (3) the care with which the charge is thrown 
in, avoiding cavities; and (4) the force with which the charge is thrown in. 
An expert charger can throw a shovelful of charge into the retort with 
such force as to break its butt. A mechanical charger can put a quantity 
of ore into a given retort that in comparison with the best hand-charging 
is almost unbelievable, and can do it so densely that a strong man is 
unable to drive in the spiess rod. Such excessive density of charging may 
introduce more zinc into the retort than, after reduction and vaporizing, 
the condensers are able to handle; therefore recovery of zinc may be 
impaired rather than improved. Up to this critical point, however, 
increase in density of charging is beneficial from the standpoint of metal- 
lurgical reactions in the same way that a briquetted charge may be 
beneficial. A full discussion of this subject would unduly extend this 
chapter. My thought is simply that increase of density up to any known 
limit is advantagous, but all of the elements must be coordinated in order 
to get the full benefit of it. 

In American practice, charging sintered ore weighing about 105 lb. 
per cu. ft., mixed with 30 per cent of reduction coal, wet weight, we charge 


628 INTERMITTENT ZINC DISTILLING FROM ORE 


about 55 Ib. of ore per cu. ft., or 110 lb. in a retort of 2 cu. ft. capacity, 
and here and there that figure is exceeded. 


Furnace Charging 


Although density of charging per retort has a good deal to do with 
the charging of the furnace as a whole, the subjects are two different 
things, although this is commonly overlooked, and the two expressions 
are commonly confused. The zinc that is reduced and vaporized is not 
wholly condensed directly as spelter. We may get 65 to 70 per cent of it 
as direct spelter; the remainder as zinc dust, blue powder, which must be 
redistilled. Besides the blue powder that is skimmed from the ladles and 
recovered from the prolongs, there are other between-products that must 
be redistilled, including the imperfectly distilled ore remaining in the 
front end, perhaps 10 per cent, of the retort, which in American vernacular 
is called the ‘‘sample”’ (for no good reason) and in the Belgian vernacular 
is called the ‘‘gueules”’ or ‘‘throats’’; the cleanings from the condensers; 
the cleanings from the pans on the floor along the front of the furnace, etc. 
In good practice these collections may aggregate 20 per cent of the weight 
of the original charge; in careless practice they may run to 30 per cent. 

In American practice this entire collection is described as blue powder. 
With the Hegeler furnaces it is recharged into the sections of retorts at 
the chimney end of the furnace. With the Siemens furnace it is charged 
into the uppermost row of the roasters. In Europe it is more generally 
mixed with the ore. Iam acquainted with occasional practice where it is 
reserved and redistilled in a separate furnace. Whatever be the method, 
it occupies furnace room, increases the fuel and labor quotients per ton 
of ore and subjects a certain portion of the zinc to a renewed opportunity 
for loss. 

Translated into terms of furnace charging, if a furnace of 600 retorts, 
or 1200 cu. ft., should be charged fully at the rate of 55 lb. per cu. ft. it 
would receive 72,000 lb., but if only 480 retorts can be charged with ore 
the total is 52,800, and if only 420 can be charged with ore the total is 
46,200, and all the quotients are altered accordingly. The furnace 
charging is therefore a composite of the density of charging and the pro- 
portion of between-products. 

These illustrative computations are exclusive of old condensers, which 
may be crushed and added to the charge or may be crushed and jigged and 
the concentrate added to the charge; or the concentrate may be accumu- 
lated and be distilled separately. All of these practices are to be observed. 


Loss in Distilling 


In Great Britain ore from Broken Hill assaying 50 per cent zinc (raw) 
with an irony gangue is distilled with a recovery of 90 to 92 per cent of its 
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zinc. In Upper Silesia ore assaying 60 per cent zinc (raw) with a limey 
gangue, mixed with Waelz oxide assaying 70 per cent zinc is distilled with 
a recovery of 90 per cent. In Belgium, where miscellaneous, custom 
ores are treated, the average recovery is probably around 90 per cent. 
In all of these instances the ores are sintered. In the treatment of similar 
ores in the United States, I doubt whether 86 per cent is anywhere bet- 
tered. From Joplin ore, 58 to 60 per cent zinc (raw), we can and do 
recover 90 per cent. In these citations I am having annual averages in 
mind, and so naturally include recovery from old condensers. Such 
figures were being attained eight years ago. It does not seem to be easy 
to raise them materially. However, 92 per cent has been attained over a 
period of months and may possibly be maintained over twelve. These 
percentages are better than those obtained by electrolytic extraction save 
with ores of exceptionally high zinc solubility, excluding what may sub- 
sequently be salvaged from the slag following residue smelting. Of course 
retort residues may also be beneficiated in a similar way. 


TasLE 1.—Recovery and Loss of Zinc in Distilling Roasted Joplin Ore 
CSS Se on ee ee ee 


Recovery and Loss Percentages 
(DESO OS a re eer ae 66 .0 66 
Zine in ladle skimmings.....-..5.2.1---5--%- 16.0) Aggregating 22.5 
Zine in condenser cleanings.........-.-+++-+-+: 2 .5\ between-products 
Zine in pan cleanings.........0++---+- ++ seeee 1.5( redistilled, 
VANVBAGN EEN aidamamer oko acnmoo eosee 5 ange 2.5/ yielding 20 
Perbalemellers ap cies 2-7 syauysce Se onus ae ee oe 86 
Toxwallatanipey! ACO KEANY. 5 Go alo 6 oMeldooo mo en aeb gone 88.5 
TAT CHIMOLOHTESIOUG ache ore aaetretre dente ts © oie es 6.0 
Zine escaping from condensers.........--++++-> 2.0 
Zinc retained by condensers.........----+++++> 1.65 
Jane absorbed im retorts.........----+-+-++++s> 0.35 
Zine escaping through chimney............++--> Ut ti) 
Total primary loss..........06ere eee s eter eee: 105 
Total secondary loss.......:--2++-s+e ses see ees 2.5 
Motalaccounting..,..0--0.+22-+-++:- +ene es 100.00 100.0 


It is important to examine the ways in which loss of zine occurs in 
distilling. Most important is its retention in the residue. Apart from 
that the losses are scattered. Absorption by retorts. Retention by 
condensers. Escape from condensers (if prolongs be not used). Filtra- 
tion through retorts and leakage by retorts breaking, contributing to 
loss up the chimney (which is a loss very difficult to measure). There is 
some recovery of zinc from dust and fume depositing in checkerworks and 
settling on furnace tops, but both are troublesome. 
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An illustrative analysis of the recovery and loss of zinc in distilling 
roasted Joplin ore of about 70 per cent grade (after roasting) appears in 
Table 1. 

The residue amounted to 30 per cent of the ore charged and assayed 
14 per cent zinc. Nearly half of its zinc content was in oxidized form 
capable of being reduced. Daily loss of condensers was 15 per cent. 
Each discarded condenser contained about 7 lb. of zinc. By crushing and 
jigging, about two-thirds of its zinc could be recovered in a concentrate 
assaying about 70 per cent zinc, of course at a certain cost. This salvage 
is not included in the analysis of recovery and loss. The absorption of 
zinc in retorts is computed on basis of daily loss of 3.33 per cent (correlat- 
ing with 30-day life). Each discarded retort carried away about 6 lb. of 
zinc. The loss of zinc escaping through the chimney is computable only 
by difference. It is more or less proportionate to the percentage of break- 
ing retorts. 

In Table 2 is a similar analysis of the same ore distilled: (1) as ordinary 
calcine and (2) as sintered calcine. 


TaBLE 2.—Analysis of Joplin Ore 


Distilled as 


Recovery and Loss 


Ordinary Charge, | Sintered Charge, 
er Cent Per Cent 


Directiapelters.cy, see. + vert ee Rian te ae 66.0 69.8 
Blue-powder,speltera. tence. cece eile ine ares 20.0 20.0 
Lotal spelberiren..175,0 34 sin woes te Ree ee ee 86.0 89.8 
ZANCANGOLO TESIAUEL <e- certs | rote ee eee eat 72 a 5.0 
Zinc in blue-powder residue...................--. Poe: Pare 
Zinc retained by condensers.................-... a.3 2.3 

Zing abgorbediin' retorts... end ee eee 0.5 0.5 

Zine escaping from condensers.................-. Bow 0.5 
Zine escaping through chimney................... 1.9 1.9 
TOtAMACCOUTLINGS 002 ecto tak te eee 100.0 100.0 


The sintered ore experienced less loss of zinc by failure to reduce and 
by better condensation. The rate of condensation between the first and 
second draws was about 5 lb. per condenser per hour, the condensers 
having about 300 sq. in. of internal area. 

I think that many zinc-distilling balance sheets will be more or less in 
harmony with this. With the use of prolongs the loss of zine by escape 
from the condensers is practically excised. The loss of zine by absorption 
in the retort is negligible. Old condensers generally assay about 30 per 
cent zinc, and the more the rate by breakage, the more do they carry 
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away. Although the larger part of such zinc may be regained there is 
additional cost, both for milling and distilling. 

With regenerative furnaces there is some recovery of zinc from the 
checkerworks when they are cleaned. In one plant this averaged 25 per 
cent zinc by assay and figured to 0.3 per cent of the zinc in the ore charged. 
Cleaning of the tops of the furnaces also gives a product assaying about 
25 per cent zinc and accounting for 0.2 per cent. This dust is used in the 
mixtures for stuffing and luting condensers, and so finds its way back into 
the blue powder. : 


Metal Drawing 


Spelter was drawn from the Silesian and the original Rhenish con- 
densers only once during 24 hr. With the smaller Belgian condensers 
more draws were necessary, and even more as grade of the ore increased. 
In American practice, four draws are the common daily routine. 

In quantity the draws vary according to the period, correlating with 
the activity of the distilling. Table 3 is more or less typical. 


TABLE 3.—Typical American Draws 


From Calcines, From Sinter, 


Draw Per Cent Per Cent Time 
Trstteayeteenic ceseuston. Bickel Re ousieferey 23 22.2 2.30 p.m 
Scene: - dea erage: Gauge — ee 29 29.4 7.00 p.m 
4 Ute a 5 2 Bee RRIEIGIOe O crorciotorn ore 29.6 29.0 12.30 a.m 
FIGNIT UD eee coe comes cbs xesiovenatl mien 18.4 19.4 6.30 a.m 
100.0 100.0 


This introduces the subject of the temperature gradient, or what may 
be plotted as the furnace thermograph. This is more or less variable 
according to the operating conditions. Beginning at 1000° to 1050° C. 
with “gas on’’ and immediately after completion of the maneuver, it may 
rise in a straight line, or in a slightly arched line, with different speeds. 
With a rapid rise the maximum, 1330° C., may be attained at 11.30 p.m. 
With a slow rise it may not be attained until 2.30 a.m. The rate of reduc- 
tion naturally correlates with the thermograph. After the maximum 
has been attained it is held level for several hours, or until the distilling 
of zinc is distinctly on the wane, nearing its end, when the temperature is 
allowed to fall to save retorts from being ‘“‘butchered”’ when there is no 
longer an endothermic reaction occurring within them. 

The temperatures that I am suggesting herein are as registered 
by Seger cones inside of an open retort. It is common practice to record 
furnace temperatures in that way. Also temperatures in the combustion 
chamber by means of recording pyrometers. Even when the latter are 
used, however, the Seger cones afford a valuable check. 
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In European practice the spelter is commonly drawn into small 
ladles by hand. With some furnaces the lowest row of retorts is so 
near the floor that nothing else could be used. In American practice a 
large kettle carried on a car on the rails in front of the furnace is universally 
employed. The spelter is drawn directly into this. When the kettle is 
full the metal is skimmed and then is poured into a row of molds. There 
is no question as to the superiority of this method. 


Retort Residue 


After distilling has been completed, the spent residues must be with- 
drawn, usually by hand, but machines have been found useful in some 
plants, without becoming of general application. In some American 
practice a water pipe is introduced into the retort, letting out a little 
water, which immediately becomes converted to steam and blows out 
most of the residues. With the fluffy residues from Joplin ore that does 
very well, but with a slaggy or “gummy” residue it simply has to be 
hoed out. 

Some lead from a leady ore goes over into the spelter. A considerable 
proportion of it may be recovered by gravity refining, but that which is 
retained by the spelter adds to the weight of the latter and realizes the 
spelter price for good ordinary brands. Most of the lead and all of the 
gold, silver and copper remain in the residue. If the silver content be 
high, which has occurred with some ores, e.g., Butte & Superior, the entire 
residue is passed on to the lead smelter. In general, however, the residue 
is jigged for separation of its lead, together with the silver carried by it, 
and the concentrate is passed on to the lead smelter. A large part of the 
lead production of Belgium originates in this way. 

The recovery of silver, lead, etc. from the residue from distilling may 
therefore be as high as from the lixiviation residue from electrolytic 
extraction. In general, however, the recovery is less, for economic 
reasons. The question of costs is determining. Of course the higher 
deleading of ores in the original concentrate plays an important part 
in this. The zinc smelter does not get ore as high in lead as formerly. 

In American practice there is relatively little recovery of lead from 
retort residues, but they are sometimes jigged and washed for recovery 
of undistilled zinc, unburned coal, etc. The Waelz furnace is also occa- 
sionally employed as a scavenger. In general, however, it is too big 
for the quantity of residue produced even in a big distillery. The Dorschel 
furnace, recently introduced in Germany, may be better fitted for 
such work. 


Labor 


In the management of the zinc-distilling furnace there are two 
systems, one commonly practiced in America, wherein the furnace crew 
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of 30 or so is divided into groups of specialists, each group performing a 
single operation; the other, which is in general practice in Europe, wherein 
the furnace crew, which is always relatively small, is divided into squads, 
each of which takes charge of the operation of a part of a furnace, a half 
or a quarter, collectively performing all the operations of the maneuver. 
After the maneuver has been finished the furnace passes into the charge of 
the fireman and the metal drawers, who work in the same way by 
either system. 

I hesitate to make economic comparisons, for the reason that so many 
modifying conditions enter into the problem and shall confine myself to 
a few suggestions. In 1928 an American furnace charged with 24 short 
tons of ore was attended by a crew of 30 men, inclusive of gas producers 
but exclusive of those who removed residues from the ash pockets. This 
figured to 1.25 man-day per ton of ore. Contemporaneously one of the 
most modern of the gas-fired furnaces in Belgium received a charge of 
11 short tons of ore and had a crew of 20 men, which figured to 1.8 man- 
days per ton. The American furnace had 608 retorts; the Belgian had 
320; the volume per retort being about the same in each instance. The 
Belgian furnace had prolongs; the American did not. The extraction of 
zine was higher with the Belgian furnace than with the American. Iam 
merely beginning to suggest some of the factors that qualify comparisons. 


Furnace Campaigns 


In modern practice distilling furnaces are frequently under continuous 
fire for five years. Shutting down to reline is costly and the longer the 
campaign, the less the cost of upkeep per ton of ore. The failure in the 
end is generally of the middle wall. The arch also may suffer. A furnace 
is of record as having been under fire at Cherryvale for 10 years’. A Dor- 
Delattre furnace has been in use at Auby for 15 years with only one 
relining (1936). 


Refining 


Cadmium and lead both go over with zinc. Cadmium concentrates 
in the first draw of spelter. Lead is higher in the later draws. Some 
grading is accomplished by keeping them separate. Drawing into the 
large kettles in American use, there is some equalization of the molten 
metal, but even so there may be wide variations in the draws from differ- 
ent parts of the furnace, especially from our Hegeler furnaces that have so 
pronounced a drop in temperature. I have seen comparative analyses of 
spelter, section by section, that were astounding. 

By remelting the spelter it can be equalized and excess of lead settles 
out. This is the simple process of gravity refining. Refining may 


3 This furnace finished a 10-year campaign in 1917, having produced 29,136 tons 
of spelter out of approximately 60,000 tons (raw)-of Joplin ore. 
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also be done by redistilling, but that does not get rid of cadmium. The 
New Jersey process of reflux refining enables ordinary spelter to be raised 
to four-nine grade and in this respect puts the old process of intermittent 
distilling on equal terms with electrolytic refining. 


SUMMARY 


In this presentation of the present state of the art of intermittent, or 
cyclic, distilling, I have confined myself to the practical physics and have 
abstained from going into the economics, beyond here and there a few 
intimations. Consequently I have avoided comparisons among the 
several methods of zine production that are now in use; viz., intermittent 
distilling, continuous distilling with external heating, continuous electro- 
thermic distilling and electrolytic extraction. Any comparison among 
them would introduce a consideration of many conditions that are 
widely variable, and would extend a study to the proportions of a treatise. 
The operation of Giesche Spolka Akcyjna in Poland is the only one with 
which I am acquainted where the same ore, or substantially the same, is 
beneficiated by intermittent distilling and by electrolysis under sub- 
stantially identical conditions. In this the consumption of firing coal per 
ton of ore is less in the furnaces than in the steam boilers that make power 
for the tankroom, etc. On the other hand, the quantity of labor (man- 
days) in the leaching, plating and melting departments is substantially 
less than it is on the distilling furnaces. This is a broad generalization 
that I think will be found true everywhere. 

Recently built steam stations operate at about 11,500 B.t.u. per net 
kilowatt-hour of output, with a total investment cost to get power 
on outgoing lines of about $100 per kilowatt. With the use of 2000 kw-hr. 
per ton of ore (which naturally varies according to the tenor of zinc in 
the ore) an electrolytic plant might require 2000 lb. of coal of 11,500 B.t.u. 
grade. A distilling furnace may be operated with 2200 lb. of coal of the . 
same grade (including reduction coal). For the production of steam, 
however, we must add the manufacturing cost, including capital charges, 
and might experience a cost of 0.5¢ per kilowatt-hour under the most 
favorable conditions. 

So far as my acquaintance extends, the requirement of power in electro- 
thermic distilling is rather more than in electrolytic extraction. 

In our old process of intermittent distilling we have had during the last 
eight years a remarkable improvement in execution, not so much through 
invention as through improved understanding of physical principles, 
which has occurred both in Europe and in America. As I look over 
individual plant records of both continents during the last 10 years, the 
improvement is no less than amazing. The strain of severe economic 
conditions has been contributory to this. 
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In the last annual report of the Overpelt-Lommel company it was 
stated that although economic conditions were at their worst in 1934 
the company achieved an operating profit by virtue of plant improve- 
ment. The Overpelt and Lommel works, which formerly had an average 
monthly capacity for the production of 2900 tons of zinc in June, 1934, 
actually produced 4000 tons, although no additional furnaces had been 
erected. I have no information as to how this was accomplished, but 
increase in density of charging, trimming of reducing coal, reduction of 
percentage of between-products, and increase of volume of retorts might 
bring about such a result if those factors were not up to top notch to 
begin with. 


Reduction of Zinc Ores by Natural Gas 
By H. A. Dorrner,* Memepsr A.I.M.E. 


Tue process for smelting zinc developed several centuries ago is still 
in use. Through the experience accumulated over this long period of 
time, details of the process have been perfected until there is little oppor- 
tunity to make any further improvement except by a radical change in 
method. Such a change was accomplished by the process recently 
developed by the New Jersey Zinc Co. The process to be herein dis- 
cussed is a still more radical departure, which has been developed to 
large-scale laboratory operation by the Metallurgical Division of the 
U. 8S. Bureau of Mines!.+ 

The reduction of zinc oxide by carbon is a highly endothermic reac- 
tion, which requires temperatures in the range 1200° to 1400° C. for even 
a slow reaction rate. The transfer of the heat of reaction through thick 
fire-clay walls, the high radiation loss in the type of furnace used, and 
the practical impossibility of recovering or using the combustible products 
of the reduction (CO) cause a deplorable waste of fuel. With the one 
exception mentioned, all zinc smelting is done in small retorts manually 
charged and discharged. Attempts to mechanize these operations have 
been only partly successful, and there seems to be no way to avoid or 
improve the uncomfortable conditions in which the work is done. 

The reduction of zine oxide by methane has a relatively high reaction 
rate at 1000°C. At this temperature most ore residues do not sinter, and 
it is possible to use metal retorts. These factors make gaseous reduction 
especially adapted to a continuous operation and compared to reduction 
by carbon make possible: (1) higher rate of reaction at lower temperature, | 
(2) more nearly complete extraction of the zinc, and (3) much better 
utilization of fuel and reagent. 

Although the reaction between methane and zine oxide requires 
105,900 calories per mole, compared to 86,860 cal. in the carbon reduc- 
tion, it is obvious that much less fuel will be required to supply 105,900 cal. 
through ) in. of metal at 1000° C. than to transfer 86,860 cal. through 
1 in. of fire clay at 1300° C. Moreover, the gaseous products of gaseous 
reduction (CO and He) can supply 183,430 cal. by complete combustion. 


Manuscript received at the office of the Institute June, 1936. Published by per- 
mission of the Director, U. S. Bureau of Mines. 
* Metallurgical Division, U. 8. Bureau of Mines, Pullman, Wash. 
+ References are at the end of the paper. 
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In a thermodynamic study of the chemistry of zinc smelting, Maier?’ 
made a preliminary study of the chemistry of reduction of zinc oxide by 
methane, pointing out that the following reactions, the limits of which 
could be theoretically predicted, were important: 


ZnO + CH, = Zn(gas) + CO + 2H: [1] 
CH, = C + 2H, [2] 

ZnO + CO = Zn(gas) + CO2 [3] 
ZnO + H. = Zn(gas) + H.O [4] 


It was further predicted that reactions 2, 3 and 4 might be trouble- 
some, and, in fact, were sure to be so at higher temperatures, but that 
thermodynamically reaction No. 1 should proceed nearly to completion 
not far from 925° C. Thermodynamic considerations were shown to be 
powerless to predict the rate at which such reaction would occur, and the 
desirability of experiments to determine this point was emphasized. 


PRELIMINARY LABORATORY TESTS 


Acting upon this recommendation, laboratory tests were made?’ to 
determine whether or not the rates involved are such that reaction 1 will 
predominate and take place with sufficient speed to make commercial 
application feasible. 

The apparatus consisted essentially of a vertical retort and condenser, 
constructed of silica glass, with electrothermic heating and the usual 
equipment for regulating and measuring temperatures, flow of gas, etc. 
(Fig. 1, R.J. 3091). The results only of these tests are of interest here, 
and may be summarized as follows: 

1. The rate at which reaction 1 takes place is appreciable at 900°C., 
and it increases rapidly with increasing temperature. In the temperature 
range 975° to 1000° C. the rate at which zinc distills from an ore calcine 
(with substantially complete utilization of the gas) is considerably higher 
than is obtained from retorts by standard practice (comparing zinc dis- 
tilled per unit of retort volume). The thermodynamic predictions as 
to the limits of the reaction were thus fully confirmed. 

2. Thermal decomposition of methane by reaction 2 takes place to 
some extent where the gas enters the reaction zone. Most of the decom- 
position occurs before the gas has reached a high enough temperature to 
react with zinc oxide. Above the reaction temperature (900° C.) no 
carbon is formed, unless there is a local deficiency of zinc oxide. The 
amount of thermal decomposition can be calculated from the ratio of 
hydrogen to the oxides of carbon in the gaseous products of the reactions. 
Reaction 1 gives a ratio of 2.0; in laboratory tests the ratio averaged 
2.05, indicating that thermal decomposition under normal conditions 
is not a major difficulty. 
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With natural gas containing about 15 per cent of the higher homo- 
logues of methane, the minimum ratio is about 1.85. The homologues 
are less stable than methane, more thermal decomposition takes place 
and the ratio of hydrogen to oxide of carbon in the gaseous products is 
about the same as when pure methane is used. Therefore methane 
reduces zine with a high factor of utilization, and California natural gas 
has an equivalent effective reducing power. 

3. The side reactions 3 and 4 were not studied in detail, but the 
amounts of CO, and H.0O in the gaseous products is a measure of the net 
effect of these reactions. The CO2 content of the gaseous products varied 
between 0.4 per cent (at 925° C., low gas velocity) and 1.3 per cent 
(1000° C., high gas velocity). No water vapor could be detected under 
any conditions. 

4. Reoxidation of zinc, due to the reversibility of equations 3 and 4, 
is important. Since the equilibrium concentrations of CO: and H:0 
increase with increasing temperature, the reverse of these reactions takes 
place when the gases are cooled to condense the zinc. The higher the 
temperature of reduction, the larger the proportion of the zinc reoxidized. 
In the usual retort practice reoxidation customarily produces ‘‘blue 
powder.” In the laboratory tests, the product of reoxidation was a 
yellow, crystalline zine oxide, which deposited on the retort wall at a 
zone having a temperature of about 850° C. 

5. The reduction process was tested with pure zinc oxide and methane, 
also with natural gas and a calcined zine concentrate. The latter required 
a pretreatment at 800° C. with a reducing gas (Hz or H». and CO) to 
eliminate sulphates; otherwise the condenser became fouled with sul- 
phides. Rate of reaction and utilization of the gas were about the same 
with either pure or commercial reagents. 

6. The zinc metal condensed readily in a clean, coherent, and relatively 
pure spelter. 

From these results it was apparent that reduction of zinc ores by natu- - 
ral gas had the following advantages over ordinary smelting methods: __ 

Cost of a Reagent.—On the basis of its reducing power (as given by 
equation 1), 12,000 cu. ft. of methane will reduce one ton of metallic zinc. 
In present practice about one ton of coal is required for the same purpose. 
Methane, if completely utilized as a reagent, at 10¢ per 1000 cu. ft. is thus 
equivalent to coal at $1.20 per ton. 

Thermal Economies.—The most economical retort furnaces require 
about one ton of coal as fuel for each ton of zinc produced. In such a 
furnace, the endothermic heat of reduction is equal to about 11 per cent 
of the heat supplied‘, and it is not feasible to use the gaseous products of 
reduction for fuel. 

The combustion of the H, and CO resulting from reaction 1 will 
produce more heat than the endothermic requirements of that reaction, 
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and in the type of apparatus suitable for methane reduction these gases 
can easily be utilized to heat the retorts. The following factors, 
peculiar to methane reduction, may make a high efficiency possible: 

a. Low operating temperature. The heat required to maintain a 
temperature of 900° to 1000° C. is very much less than that necessary 
for the present retorts at 1200° to 1400° C. 

b. Thermal conductivity of retorts. The thick clay retorts are poor 
conductors of heat. At temperatures below 1000° C. metal retorts are 
a possibility. 

c. Thermal conductivity of the gases. The gaseous products of 
methane reduction contain 50 per cent He, and equal parts of CO and 
zinc vapor. Hydrogen is an excellent conductor of heat. 

d. Continuous countercurrent operation. Batch methods are ther- 
mally inefficient. Continuous countercurrent operation is not only 
feasible but practically essential when methane is used for reduction. 

e. Radiation losses. The thin front walls of present furnaces radiate 
large quantities of heat. Retorts using gas for reduction can be enclosed 
in furnaces having well insulated walls on all sides. 

Maintenance.—The replacement of retorts and furnace linings is a big 
item in the cost of operation. At temperatures below 1000° C. the life 
of refractories is much greater, the ore will not fuse, stick to, and damage 
the retorts. i 

Labor.—With continuous, automatic feed and discharge of ore, and 
the use of gaseous fuel, labor is a small item and working conditions are 
very much better. 

Recovery.—Low temperature, which eliminates fusion of the ore resi- 
dues; continuous, countercurrent operation, low concentration of CO» 
in the gaseous products; all these favor high recovery. With the use of 
carbon for reduction, the zinc vapor is expelled from the retort by the 
pressure of the gases evolved, which decreases as the reduction proceeds, 
so that the last portions of zinc cannot be profitably extracted. Using 
gas for reduction, the spent ore is subjected to continuous chemical and 
mechanical effect of a countercurrent flow of fresh gas, and the 
complete utilization of the gas is accomplished by adequate contact with 
fresh ore. 


LARGE-SCALE TESTS 


The apparently satisfactory results obtained in the preliminary tests 
led to an attempt to apply the process in large-sized apparatus. Vertical, 
cylindrical retorts of cast Duralloy, having internal diameters of 3, 8 and 
12 in., respectively, were constructed. These were (at different times) 
enclosed in a brick furnace having a heating zone about 4 ft. long. Pro- 
vision was made for continuous feed and discharge of ore, but batch tests 
were also made. In some tests the gas passed upward through the ore 
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(countercurrent), and in others the gas traveled downward and concurrent 
with the ore. 

Difficulties Due to Reoxidation.—At first an attempt was made to 
prevent deposition of zinc oxide in the condenser or the flue connecting 
it with the retort by causing the reversal of reactions 3 and 4 to take place 
within the retort. To this end, the gas was passed upward through the 
ore, first through a reaction zone at 1000° C. and then through ore at 
temperatures as low as 800° C., before entering a flue leading to the 
condenser. The dew point for zinc is 783° C. in this process. At the 
lower temperature, reversal of reactions 3 and 4 deposits zinc oxide 
in the retort, and this zone was intended to prevent subsequent reoxida- 
tion and act as an intermediate condenser from which the trapped zinc 
oxide would travel downward with the ore and be redistilled. The plan 
was not successful, chiefly because the oxide deposit cemented the ore 
particles to each other and to the wall of the retort, producing a condition 
that impeded, and ultimately prevented, the flow of gas and movement 
of the ore. In other tests the gases left the retort at a high temperature, 
but deposition of zine oxide in the flue connecting the condenser to the 
retort took place to such an extent that, no matter how large the flue, it 
was only a question of time (a day or two) until the passage was com- 
pletely closed. It might be thought that this trouble could be overcome 
by removing the deposit at intervals, but this was found to be impossible, 
because the deposit is tough, hard, and adherent. 

Summary of Results of Large-scale Tests—The large-scale tests can 
only be described as premature. Their chief value was to delineate 
sharply, at an unjustifiable cost, the problems that were fundamental to 
any possible practical utilization of methane or natural gas for reducing 
zinc. In brief, the situation at the termination of 6 months of large-scale 
experimental effort was as follows: 

1. Reoxidation due to side reactions 3 and 4 was shown to be a major 
practical difficulty. 


2. The carbon formation, which had been minimized in small-scale 


tests, proved more troublesome on a large scale. Channeling of the gas 
stream, or contact of fresh gas with spent ore, inevitably results in exces- 
sive thermal decomposition of the hydrocarbons. 

3. Cast alloy-steel retorts were proved to have an extensive life at 
temperatures not much above 1000° C., but their cost compared to equal 
capacity in a zinc-retort plant was excessive. Necessary fittings or con- 
nections could not readily be fabricated in the cast alloys. 

4. When the retort was operated at low temperatures (925° to 950° C.), 
in order to minimize reoxidation difficulties, rates of zine production 
somewhat less than that of an ordinary retort, based on volumetric 
displacement, were obtained. Such a rate would require for practical 
utility a retort of such large size as to imply serious problems of heat 


_— 
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transfer. At higher temperatures (1000° C.) the rate became, as has been 
indicated, several times that of a retort, but excessive reoxidation 
took place. 

This effort was a failure because of chemical and mechanical difficul- 
ties, which adequately accounts for the fact that all previous attempts 
have also failed to develop a commercial process. 


REOXIDATION 


It was finally evident that unless reoxidation could be almost com- 
pletely prevented, a continuous process would not be feasible, and for 


TaBLeE 1.—Reactions Studied 


No. Chemical Reactions AH 1323 (1050° C.), Cal. 
1 ZnO + CH, = Zn(gas) + CO + 2H. 105,900 
2 CH= CP 2H: 22,040 
3 nO + CO = Zn(gas) + CO2z 44,260 
4 7nO + H. = Zn(gas) + H2O 51,765 
5 CO, + CH, 7 2CO = 2H. 61,640 
6 H.O + CH, = CO + 3H, 54,135 
7 CO, + C = 2C0 39,600 
2 H.O + C =CO+ H: 32,095 
9 JnO + C = Zn(gas) + CO 83,860 
10 zZnO + yCHs = rZn + y(CO + CO2) + 2y(H2 + H:0) 


SS es 
reasons to be discussed, batch operation is not satisfactory. In other 
words, the problem is essentially a chemical one and not amenable to a 
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xe} 
Fic. 1la.—EQurmLiBRIUM CONCENTRATIONS FOR REACTION 10, xZnO + yCH, = zZn + 
y(CO + CO2) + 2y(H: + H:20). 

mechanical solution. With the object of preventing reoxidation, the 
reactions listed in Table 1 were intensively studied, thermodynamically 
and as to rates. : 

If methane is passed through a heated bed of zinc oxide at a slow 
enough rate, reactions 1, 3 and 4 reach an equilibrium that can be 
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expressed by reaction 10 (Table 1). The equilibrium concentrations for 
the products of this reaction in the temperature range 900° to 1100° C. 
were calculated by applying the thermodynamic constants to the 


TasLe 2.—Equilibrium Concentrations for Reaction 10 


on ——————————————— 


Concentration, Per Cent 


900° C. 950° C. 1000° C, | 1050° C. | 1100° C. 


Reaction ele cise icoetreiee oct sree 89.7 YA 68.6 57.4 47.6 
Reachonisaesore ie noe wee ere shore 2.9 5.1 7.8 9.9 12.2 
Reactiont4y.n toc nce stars oe eee 7.4 15.2 23.6 32.7 40.2 
Reactionsis.and 4:7. rs seoeeer es 10.3 20.3 31.4 42.6 §2.4 


stoichiometric relations. The recent data by John Chipman’ were used, 
and previously reported data have been recalculated on this basis. The 
results of these calculations are listed in Table 2 and shown graphically in 


PER CENT 


Fic. 1b.—PERCENTAGE OF TOTAL ZINC REDUCED BY REACTION 3, ZNO + CO = Zn + 
CO:, AND REACTION 4, ZNO + H2 = Zn + H20. 
Fig. 1. These data have major importance and experimental work has 
shown that they are substantially correct. 
Reaction 1 is virtually complete in the temperature range indicated, 
and reactions 3 and 4 increase from negligible to large proportions as the 
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temperature rises. Reaction 4 reduces two to three times as much zinc 
as reaction 3 and has a more rapid rate of reaction. (See Fig. 10.) 

These data cannot be obtained by direct analysis because when the 
gases are cooled reactions 3 and 4 reverse and change the composition 
of the gas. These secondary reactions and their reversals are shown 
by the reoxidation of zinc that occurs, and they have been tested quanti- 
tatively by passing CO or H: through a heated bed of zinc oxide. The 
reversal of reaction 4 is so rapid and complete that H,O. has not been 
found in the products of reaction 10, although the CO: content is usually 
about 50 per cent of the equilibrium quantity. 


PER CENT 
° 


Fig. 2.—E@UILIBRIUM CONCENTRATIONS FOR REACTIONS: (5) CO. + CH, = 2CO + 
2H2; (6) H.O + CH, = CO + 3H;; (7) CO, + C = 2CO; (8) H.0 +C = CO + He. 

The amount of zinc reduced by reactions 3 and 4 in terms of total zinc 
reacting is shown in Fig. 1b. Since reversal of 4 is complete and of 3 about 
50 per cent complete during the time required to condense the zinc, about 
9, 27 and 46 per cent of the total zinc distilled at 900°, 1000° and 1100° C., 
respectively, will be reoxidized. 


Secondary Reactions 


Reactions 5, 6, 7 and 8 provide means by which reoxidation can be 
prevented. The equilibrium constants of these reactions were cal- 
culated for the temperatures 900°, 1000° and 1100° C. It was then 
assumed that the equilibrium products of reaction 10 reached a second 
equilibrium with CH, and C, respectively, keeping the gas pressure con- 
stant at 1 atmosphere. Applying the thermodynamic constants to the 
stoichiometric relations involved gave the results listed in Table 3. The 
CO, and H,0 concentrations are plotted in Fig. 2. 

The equilibria above 1000° C. for these reactions reduce the con- 
centrations of COz and H,0 below 0.1 and 0.2 per cent, which is not 
enough to cause reoxidation of zinc. 
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The composition of the gas resulting from the reactions of methane 
with the products of reaction 10 is the same as that obtained by reaction 1. 
This is a necessary consequence of the fact that the algebraic sums, or 
net results of equations 3 plus 5 or 4 plus 6 are identical to the primary 
reaction 1. From this it follows that the side reactions do not affect the 
amount of zinc produced by a unit quantity of methane. But, since the 
side reactions take place before reaction 1 is completed, they give an 
apparent rate.for reaction 1 that is greater than its true rate. If the 
reactions are not given time to reach equilibrium, they will give a product 
having a composition intermediate between the equilibrium concentra- 
tions listed in Table 2 and those for reactions 5 and 6 in Table 3. 

The composition of the gas resulting from the reactions with carbon 
(Table 3) is considerably different, because the ratio of CO to Hz is 
increased by substituting carbon. 


TABLE 3.—Equilibrium Concentrations for Secondary Reactions on Products 
of Reaction 10 


Concentration, Per Cent 


900° C. 1000° C. 1100° C. 
25.57 25.18 25.07 
24.57 24.88 24.96 


0.24 0.06 0.02 
49.10 49.70 49.88 
0.52 0.18 0.07 
26.54 29.76 33.92 
25.61 29.45 33.80 
0.21 0.07 0.03 
47.13 40.55 32.19 
0.51 0.17 0.06 


The normal rates of these reactions are too low to have practical use. ~ 
No method of catalyzing the reactions with carbon has been found. The 
methane reactions, however, can be enormously accelerated by means of 
nickel catalyst. 


Catalytic Reaction Rates 


The catalyst may be prepared by wetting alundum granules (—4 mesh 
to a +8 mesh) with a saturated solution of nickel nitrate and heating 
the dried product to 600° C. The size of the granules, the size and shape 
of the catalyst chamber, the temperature, the composition of the gas 
mixture, and its rate of flow all determine how rapidly and completely 
the catalyzed reactions will proceed. 

Fig. 3 is a plot of data relating to the rates of reactions 5 and 7. To 
obtain curve A, COz was passed through a bed of coke (34 in. in diameter 
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by 9 in. long), composed of —4 +8-mesh grains heated to 1000° C. The 
gaseous products were analyzed, and the ratio CO2./CO + COs (ordinate) 
was plotted against the rate of flow (abscissa). Curves B and C are from 
similar data, obtained by passing an equimolal mixture of CO, and CH, 
through a bed of nickel catalyst at 1000° C. In each instance the abscissa 
represents liters per hour of CO, only. In B, the bed of the catalyst 
measured 34 in. in diameter by 3 in. in length. In C, the same sample 
of catalyst was in a bed 14 in. in diameter by 6 in. long. 

It is at once evident that the carbon reaction is much slower than 
the catalyzed reaction. Unless catalyzed, however, reaction 5 is even 
slower than the carbon reaction. Comparison of curves B and C shows 


(00 COz)+(CO+COg) 
e 5 


10 20 30 
LITERS PER HOUR 


¥ Fic. 3.—RzEactTIon RATES AT 1000° C. 
A = reaction 7, B = reaction 5 (catalyzed by 3-in. column), C = reaction 5 
(catalyzed by 6-in. column). 


that the reaction is more complete after passing through a long column 
of small cross section than after passing through the same amount of 
catalyst with less length and a larger cross section. The sharp break in 
curves B and C shows that the catalytic capacity has a very sharp limit. 
At rates of flow above this limit carbon is deposited, impairing the effec- 
tiveness of the catalyst. At temperatures below 1000° C. the reaction 
rate drops rapidly with decreasing temperature. 

Reaction 6 also is catalyzed. No data on the rate of this reaction were 
obtained, but it is probably even faster than reaction 5. 

There was at first some doubt as to how zinc vapor would affect the 
catalyst. In tests to determine this point, it was found that a small 
amount of zinc became alloyed with the nickel. This action decreased 
the rate of the catalytic reactions only slightly. 

Obviously, the catalyzed reactions must take place after the gases 
have left the ore, otherwise CO and H2 would again react with ZnO and 
defeat the purpose of this step. Moreover, the gases must contain 
enough CH, to react with all the CO: and H.O present; but if there is a 
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large excess of CHy, carbon will be deposited because reaction 1 is also 
catalyzed. Since a drop in temperature causes a reversal of reactions 3 
and 4, the catalysis must take place before the temperature of the gas is 
lowered. An increase in temperature is preferable, because it will increase 
reaction rates and decrease equilibrium concentrations of CO, and H,0. 

If methane is passed through a heated bed of zinc oxide at such a rate 
that reaction 1 does not attain equilibrium, the gaseous products will 
contain methane. The rate of flow may be regulated so that the excess 
methane just suffices to satisfy the requirements of reactions 5 and 6. 
Under these conditions reactions 3 and 4 in the retort, plus reactions 5 
and 6 during the catalysis, will give a net result equal to reaction 1, and 
the gaseous products will have the same composition as those produced 
by reaction 1. 

The rate at which reaction 10 occurs increases rapidly when the tem- 
perature is raised, but the concentrations of CO, and H:,O likewise 
increase. Unless the latter are removed before the zinc is condensed, 
commercial application of the reaction would be limited to low tempera- 
tures and low reaction rates, and even then reoxidation causes serious 
difficulties. By the use of catalyzed reactions 5 and 6, not only may 
high temperature and high reaction rates be utilized, but reoxidation 
is virtually eliminated, and the side reactions contribute a large share 
of the zinc recovered as metal. The net result is a rate of zinc production 
per unit volume of retort space several times as large as that obtained in 
the usual commercial practice. 

It is neither feasible nor necessary to measure the relative rates of all 
the reactions under comparable conditions as was done for reactions 5 
and 7. A rough comparison of the rates at 1000° C. under the conditions 
in which they react in the process, however, may clarify the situation. 

Reaction 1 is moderately rapid and at equilibrium substantially com- 
plete. Under operating conditions the rate of gas flow is sufficiently 
rapid so that considerable CH, (enough to react with all the CO, and 
H,0 from reactions 3 and 4) passes through the retort without reacting. 
We will arbitrarily call this rate 100. 

Reaction 2, in the presence of zinc oxide, is so much slower than reac- 
tion 1 that its effect at 1000° is small. This rate is estimated to be in 
the order of magnitude 1, as compared to reaction 1. As the gas enters 
the reaction zone, considerable carbon is deposited in the temperature 
range 600° to 900° C. Most of this carbon comes not from CH, but 
from the higher members of the methane series present in the natural gas. 

Reactions 3 and 4 are so much faster than reaction 1 that they prac- 
tically reach equilibrium as fast as they are formed by that reaction. We 
can assume therefore that the equilibrium values of reaction 10 apply 
to all the methane that reacts. The relative rates are estimated at 500 
and 1000 for 3 and 4 respectively, as compared with reaction 1. 
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Reactions 5 and 6 are normally very slow and their effect in the retort 
is negligible. When stimulated by the nickel catalyst they are very 
rapid. Normal rates for 5 and 6 are estimated as 1 and 2, respectively, 
catalyzed rates as 200 and 400. 

Reactions 7 and 8 are much slower than reaction 1. They are esti- 
mated at 10 and 20, respectively. 

Reaction 9 is the sum of reactions 3 and 7 or of reactions 4 and 8. 
Whatever the mechanism may be, it is not faster than the slower step 
of the component reactions 7 and 8, the rates of which are estimated at 
10 and 20, respectively. 


Thermal Requirements 


The last column in the list of reactions is AH;323; or the heat required 
by the reactions at 1050° C. in calories per gram-mole involved. Note 
that reactions 3+5=4+6=9+2=1. Also reactions 3+ 7 = 
4+8=49. These relations apply to the stoichiometric results and also 
to the thermal requirements. Therefore 105,900 cal. of heat must be 
supplied to reduce one mole of zinc with methane and 83,860 to reduce 
it with carbon, regardless of the intermediate steps involved. The differ- 
ence between the two is the heat of formation of methane (reaction 2, or 
22,040 cal.). 

From the equilibrium concentrations at 1050° C. (Table 2) we find 
that reaction 1 reduces 57.4 per cent of the zinc, reaction 3 reduces 9.9 per 
cent and reaction 4 reduces 32.7 per cent. Each mole of zinc, there- 
fore, requires 


(0.574 X 105,900 + 0.099 X 44,260 + 0.327 X 51,765) = 82,100 cal. 


for reaction 10. The remaining 23,800 cal. must be supplied to catalytic 
reactions 5 and 6. Since the latent heat of combustion in the gaseous 
products of these reactions (CO + 2H:2) is 183,430 cal., the extra heat 
required for gaseous reduction is unimportant. 


THERMAL DECOMPOSITION 


The city gas supply at Berkeley contains about 86.85 per cent CHa, 
7.86 per cent C2He, 3.87 per cent C3Hs and smaller amounts of the higher 
homologues. The reducing power by reactions analogous to reaction 1 is 
proportional to the carbon content, which in this gas is about 20 per cent 
higher than that of methane. On the other hand, the homologues are 
less stable than methane and decompose more readily into carbon 
and hydrogen. Under the experimental conditions used ‘in this 
investigation, about half the reducing power of the higher members is 
directly utilized. 

In a retort with continuous feed and discharge of ore, the carbon 
deposited by thermal decomposition of the gas moves with the ore into 
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the high-temperature zone and is utilized more or less by reactions 7 and 8, 
which, when supplemented by reactions 3 and 4, give a result identical 
to that of reaction 9. That this is the mechanism mainly responsible 
for the reduction of zine oxide by carbon, even in the usual retort practice, 
has been previously shown?. As a result of these reactions the effective 
reducing power of natural gas may be higher than that of methane. 

The homologues of methane in natural gas, their thermal decomposi- 
tion by reaction 1, and the compensating effect of reactions 7 and 8 pro- 
duce variations in the composition of the gaseous products, so that the 
ratio of CO to He in the exit gas may vary considerably from the theo- 
retical (1 to 2) by reaction 1. 

Thermal decomposition of the gas, under certain conditions, causes 
low utilization of the gas and also mechanical difficulties as a result of 
carbon deposits. Below 870° C. reaction 2 takes place in preference to 
reaction 1. Above 900° C., in the presence of an adequate surface of zinc 
oxide, there is no appreciable deposition of carbon, although almost any 
other surface catalyzes reaction 2 and the rate of that reaction increases 
with increasing temperature. 

If the ore and gas are passed countercurrently through a retort for 
some time, so that the gas first contacts lean ore residues, a large portion 
of the gas will be thermally decomposed before it has an opportunity to 
react with zine oxide. In a batch process the same situation arises 
before a high extraction of the zinc is accomplished. ‘Therefore, a con- 
current travel of ore and gas is necessary, and a batch process cannot 
be efficient. 

On the other hand, concurrent operation alone does not permit a high 
utilization of the gas and at the same time give a high extraction of the 
zinc content of the ore. This might be possible if it were not for the 
requirement of the catalytic reactions which demands an excess of CH, 
in the offtake gas. The difficulty was solved by using a concurrent flow 
of gas and ore in the upper half of the retort and a countercurrent flow - 
of a portion of the condenser exit gas (CO + H.) in the lower half of 
the retort. The two streams of gas meet at an offtake flue at the center 
of the retort. 

The concurrent flow of ‘“‘primary” gas extracts about 80 per cent of 
the zinc and produces about a 75 per cent decrease in the volume of the 
ore. Therefore, the rate of travel (of solids) through the lower part of 
the retort is about one-fourth the rate at which ore is charged. This 
relatively slow travel permits a very high extraction of the zinc from 
the unfused residues by the action of the countercurrent flow of recir- 
culated exit gas. Since this gas is a mixture of CO and Hg, it will not 
deposit carbon. In fact, carbon that has been deposited by the primary 
gas and descended with the ore is to some extent utilized by means of 
reactions 7 and 8. 
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Incidentally, the countercurrent flow of gas prevents diffusion and 
condensation of zinc vapor into the cold zone through which residues 
are discharged.* 


EXPERIMENTAL APPARATUS 


The laboratory apparatus used to test the revised process was designed 
not only to test the chemical reactions in a continuous operation but also 
to serve as a small model of a feasible commercial unit, using materials of 
construction that are suitable and available for large-scale equipment. 
It was large enough so that the quantitative results and operating tech- 
nique can be utilized in the development of larger units. 

The primary requirements of the retort and catalyst chamber are that 
they be gastight and constructed of material capable of resisting chemical 
action at the high temperature. The chromium-iron alloys are the only 
satisfactory materials found for this service. Alloy castings can be used, 
but the sheet metal can be shaped and welded into the required form at 
much lower cost than castings. The sheet-metal retort also has thinner 
walls and offers less resistance to the transfer of heat. 

Refractory materials are most suitable for the condenser. During 
most of the experimental work molded alundum units were used. Porce- 
lain, with an inside glaze, was finally tested andf ound to be greatly superior. 

In a previous publication‘ the essential features of an early form of an 
experimental furnace are shown. The details of design evolved, through 
many changes, to the final form illustrated in Figs. 4 and 5. Fig. 6isa 
photograph of the retort, catalyst chamber and condenser; Figs. 7 and 8 
are two views of the complete furnace. 


Description of Retort 


Fig. 4 shows a section of the apparatus through the vertical axes of 
the retort and condenser. A Nelson pump (1) is connected by reduction 
gears to 1é-hp. motor 35. Gas from the city main is drawn through a 
gas meter (not shown) into the pump, which delivers it through flowmeter 
“eee EEE 

* The marked advantages accruing through recirculation of exit gas suggests the 
use of a system in which zinc is extracted from the ore by a countercurrent flow of exit 
gas, the methane or natural gas being used only for the catalytic reactions. One 
difficulty of such a plan would be the problem of admitting exactly the proper propor- 
tion of natural gas at a point between the retort and catalyst chamber and preventing 
obstruction of this gas inlet by the inevitable deposition of carbon. Moreover, the 
amount of primary gas per pound of zinc extracted would not be affected because the 
reactions 3 +5=4+6=1. Itso happens that 1 mole of CO and 2 moles of Hz 
in equilibrium at 1050° C. react with about 1 mole of zinc. These reactions require 
49,400 cal. Then, 1 mole of CH, and 56,500 cal. must be supplied for the catalytic 
reactions, and the zine vapor is thus diluted by twice as much gas as when zinc is 
extracted by reaction 10. Thus substitution of exit gas for methane would double the 
work required of the catalyst and condenser. 
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2 and tube 3 to ore hopper 4. The latter is a short 2-in. pipe, with each 


end threaded to a 2 by 1-in. pipe reducer. The upper end is closed by a 
plug and the lower end threaded to the upper end of retort 5. The retort 
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Fie. 4.—SEcrTionab ELEVATION OF LABORATORY ZINC FURNACE. 


is constructed of 10-gauge Ascalloy, and all joints are gas-welded. The 
upper end is a 1-in. pipe joined by a cone to a 3-in. pipe. The latter is 
joined and projects into the lower half of retort 19, which consists of a 
short 4-in. pipe and a short 2-in. pipe joined by a cone. A horizontal 
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1-in. ore-discharge pipe is connected to the lower end of the retort by a 
2 by 1-in. bushing and 2-in. elbow 20. 

Extending horizontally from the annular space formed by the exten- 
sion of the upper 3-in. section of the retort into the lower 4-in. section is a 
short flue provided with a special alloy globe valve 6, which connects the 
retort to the cyclone-type dust collector 7, also constructed of alloy. 
Extending into and from the axis of the dust trap is U-shaped catalyst 
tube 8, the second leg of which is joined removably by a tapered fit into 
valve chamber 10. A C-shaped alloy flue 9 connects valve 10 with lower 
condenser chamber 11. An alloy partition and stack 31 make it possible 
to control the temperature of flue 9. All cross sections of the sheet alloy 
are indicated by double-width solid lines. 

Valves 6 and 10 are two-way valves of unusual construction. Valve 
stems 32 and 33 terminate in pear-shaped plugs, which in the position 
shown make a gastight fit in the tapered hole through which the valve 
stem enters the valve chamber. When the valve stems are pushed inward 
the plugs fit snugly in the tapered valve seats, and the stems fit loosely. 
In this way the catalyst chamber is sealed off from the retort and the 
condenser and at the same time is provided with an external gas inlet 32 
and outlet (past stem 33). These valves are not difficult to construct and 
operate with entire success at temperatures as high as 1050° C. 

A tapered plug closes a hole in the top of dust trap 7. A film of 
waterglass gives a gastight seal at this joint, as well as that under 
valve 10. 

Condensers 11, 12 and 13 form a monolithic cylinder of alundum or 
porcelain (8 in. in internal diameter) with partitions for deflecting the gas 
flow and providing traps for condensed metal. Tapping spouts project 
from the three metal traps into conical outlets in fire-clay insulating blocks 
25 and 26. Block 26 forms a base for the condenser. It is molded in 
place and seals the joint between flue 9 and the first condenser chamber 11. 
The condenser is made in seven sections (each one except the top having 
one partition) by tamping moist alundum cement into a split mold. 
These sections are trimmed and joined together while still ‘‘green,”’ 
and the top section is capped by an elbow of the same material, which 
connects with a short alundum pipe leading to bag filter 14. The latter 
is a cylindrical iron base with inlet and capped outlet ports on opposite 
sides, a flat bottom plate, and a top flange having an inner ring to which 
a wool bag is fastened. Encasing the bag and clamped to the base flange 
is a glass bell; the clamped joint is made gastight by a rubber washer. A 
glass T at the top of the bell provides a gas outlet to tube 15 and a seat for 
the rubber stopper, through which is inserted a shaking rod to support 
the bag. 

A storage tank 16 for the exit gas is connected to pump 17, the outlet 
of which has two valve-controlled branches, one leading through a 
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flowmeter to the bottom of the retort and the other to ore pretreatment 
furnace 22. The latter is a vertical, 3-in., iron pipe, connected at the 
bottom by an elbow to a short, capped, ore-discharge pipe. The upper 
end is encircled by an insulated heating element 34. 

The alloy retort, catalyst chamber, and connecting flues are enclosed 
in firebrick chamber 23 and insulated by Sil-O-Cel 24, which is held by a 
sheet-metal casing. The retort and catalyst are heated separately by 
gas burners through ports 28, 29 and 27. The heating gases exit by flues 
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Fic. 5.—PLAN AND HORIZONTAL SECTIONS OF LABORATORY ZINC FURNACE. 


30 and 31. The whole furnace structure rests upon a metal plate sup- 
ported by an angle-iron frame. 

Fig. 5 shows a plan and horizontal sections of the furnace at planes 
X, Y and Z indicated on Fig. 4. 

Accessories not shown in the illustration include pyrometers, pressure 
gauges and gas meters. 

The catalyst is finely divided nickel on an alundum base, prepared 
from grains of alundum which pass a 4-mesh screen and are retained on an 
8-mesh screen. These are wet with a saturated solution of nickel 
nitrate, dried, and then heated to a red heat. At or above this tem- 
perature the nickel oxide is reduced by a stream of hydrogen. 
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OPERATING PROCEDURE 


By means of gas burners 27, 28 and 29 the furnace is heated to the 
temperatures shown in Fig. 9. The retort is nearly filled with partly 
treated ore from a previous run and the charge completed with fresh 
calcine from pretreater 22. The cold ore reaches the furnace temperature 


Fig. 7.—SIDE VIEW OF LABORATORY ZINC FURNACB. 


in a few minutes, and a flow of gas (about 50 liters per hour) is then 
pumped into the retort through line 3. To prevent contamination 
of the stored exit gas with nitrogen, line 15 is disconnected the first 20 
min., the exit gas being vented through a restricted opening to maintain 
low pressure in the condenser. At the same time, exit gas (stored in 16 
from a previous run) is pumped through meter 18 into the lower end of the 
retort at 20, also at a rate of about 50 liters per hour. At first most 


hs S 


= 


H, A, DOERNER 655 


of the gases diffuse through the pores and joints of the condenser, 
but these gradually become sealed with metal and zinc oxide. (The 
tapping spouts are sealed with asbestos fiber and fire-clay mud.) 
After operating a few hours there is very tittle leakage from a well 
made condenser. 


Fig. 8.—END VIEW OF LABORATORY ZINC FURNACE. 


As stated, after 20 min. of operation line 15 is connected to gas tank 16, 


‘the balance weight being adjusted to give a back pressure of 1 in. of 


water. At the same time, the valve leading to line 21 and the pretreat- 
ment retort is opened just enough to discharge gas as fast as it accumu- 
lates. An electric buzzer, operated by contacts placed on the wheel over 
which the balance weight of the gas receiver is hung, gives warning that 
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the valve requires adjustment. In a more elaborate setup, regulation 
could well be made automatic. 

At 2-hr. intervals ore is charged and residues discharged. To do this 
the flow of gas must be interrupted about 5 min. The cap on the ore- 
discharge pipe (see plan view 20) is removed, a conveyor screw is inserted, 
and about 80 grams of residue is drawn off. After this opening is closed. 
the cap on the ore hopper is removed, the charge is rodded slightly with a 
heavy wire, and the hopper is filled with ore and capped. The gas pumps 
are then started at once, and normal operation is resumed. 
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Fia. 9.—TEMPERATURE CHART OF THE ZINC FURNACE. 


Charge and discharge weights are recorded; then all temperature, 
gas-meter, flowmeter and pressure-gauge data are taken. Next, a sample 
of exit gas from a branch in line 15 is drawn off and analyzed for COs, CO, 
CH, and H:. The CH, content should be between 0.1 and 1.0 per cent 
and is controlled by the rate of gas input. If too high, the efficiency of 
gas utilization is impaired, and an excessive amount of carbon is deposited 
on the catalyst. If too low, zine will reoxidize in the condenser. The 
latter condition is determined infallibly by the CO: content of the exit gas, . 
which should not be more than 0.2 per cent. If the catalyst is functioning 
properly and the slightest excess of CH, is present in the exit gas the CO. 
content will be low. 

Usually, after about 50 hr. of operation, the activity of the catalyst is 
impaired, and it must be regenerated. This is accomplished by stopping 
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the flow of gas through the retort, closing valves 6 and 10, and passing a 
stream of hydrogen and then CO, alternately into inlet 32 for a total 
period of 30 to 60 min. These gases pass through the catalyst and exit 
past valve stem 33 into the combustion chamber. Sometimes it is neces- 
sary to regenerate the catalyst, not on account of low activity but because 
deposition of carbon in it has increased its resistance to the flow of gas 
beyond a satisfactory working limit. 


Criteria for Control of Operations 


Temperature.—The capacity of the furnace increases with the tem- 
perature, therefore the latter is maintained as high as the retort metal will 
resist, or about 1050° C. maximum, allowing a small factor of safety 
against fluctuations. 

Rate of Gas Input.—Gas should be supplied at a rate that will yield a 
final gas product (exit gas) containing 0.1 per cent of methane. If the 
temperature does not vary and if a uniform rate of charging the ore and 
discharging residues is maintained for a long period, a constant rate of 
gas flow will give uniform results. A change in temperature or in the 
composition of the retort charge will require a compensating change in 
the rate of gas input. 

Rate of Charging Ore.—After the proper rate of gas flow has been 
determined and maintained several hours, the reduction rate is calculated 
from the CO content of the exit gas. Each mole of CO corresponds to 
one mole of zinc extracted from the ore. From these data the proper 
rate of charging ore and discharging residues can be calculated for any 
degree of extraction required. The ore is charged as rapidly as the reduc- 
tion of volume in the content of the retort permits, and its rate is actually 
determined by the rate at which residues are removed. If these are 
discharged too rapidly they will have a high zinc content, but it is feasible 
to re-treat a limited portion of such residues. 

The CO/H: ratio in the exit gas also indicates the condition of the ore 
charge. If temperatures and rate of gas flow are constant a decrease in 
that ratio results from a decrease in the zinc content of the charge, and 
vice versa. This follows from the fact that a deficiency of zine oxide 
retards the rate of reaction 1 and the relative effect of reaction 2 increases. 
The zinc extracted during the 2 hr. between charging periods has a notice- 
able effect upon the CO/H; ratio. 

Good results can be obtained, even with considerable variation in 
temperature and rate of ore and gas input, but a close control of these 
factors is very much to be desired. A change of 10° C. has a marked 
effect upon reaction rates and upsets the balance between the rates of gas 
and ore input. This changes the ratio of methane to CO, and H,0 in the 
gas leaving the retort, and the proper ratio is essential for the cata- 
lytic reactions. 
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Manual vs. Automatic Regulation 


With manual control of operations alertness and experience are 
required to maintain even approximately uniform conditions. Tem- 
perature control was most difficult because of fluctuations in the pressure 
of the gas used for heating and the lag between a change in adjustment of 
a burner and the pyrometric effect. For this reason, quantitative data 
on the effect of small variations in rates of gas and ore input, temperature, 
etc., have not been obtained. 

There is good reason to believe that maintenance of uniform operating 
conditions, which can be accomplished by means of automatic devices, 
would aid in determining and preventing conditions that sometimes cause 
inefficient catalysis. 


Catalytic Poisoning and Regeneration 


One cause of poor catalysis—deposition of carbon—can be prevented 
by close control of temperature and rate of gas input. Poisoning from 
sulphur compounds can be more or less completely prevented by: (1) main- 
taining the temperature as much higher than that of the retort as is 
feasible; (2) more complete elimination of sulphur by pretreatment of the 
ore; (3) reducing the temperature of the retort; (4) reducing the amount 
of gas recirculated. 


Deposition of Carbon 


The sharp taper in the upper end of the retort was designed to increase 
the velocity of gas flow and thus reduce the time during which the gas 
passes through the temperature range of thermal decomposition (about 
500° to 900° C.). By this means, deposition of carbon was limited to 
not more than half the carbon content of the higher members of the 
methane series present in the natural gas. If pure methane were used 
instead of natural gas the deposition of carbon would be negligible. 

The carbon that was deposited caused no mechanical difficulties. In 
some tests small amounts of crushed coke were added to the ore in order 
to reduce the sintering of residues due to exceptionally high metallic iron 
content of those residues. 

The amount of carbon formed by thermal decomposition could not 
be accurately determined because, during its travel through the retort, 
and especially in the recirculation zone, it reacts according to equations 7 
and 8. The amount of carbon in the residue is thus a net result of equa- 
tions 2, 7 and 8. 


Recirculation of Gas 


It was not possible in this apparatus to maintain the temperatures, 
rates of ore charged and rates of gas flow with sufficient precision so that 
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significant data concerning the effect of variation in the proportion of 
exit gas recirculated could be obtained. About one-third of the exit gas 
(a volume equal to that of the primary gas used) was recirculated, and 
no definite effect from a considerable variation of that rate could be 
detected. An increase in the proportion of exit gas should increase the 
capacity of the retort and increase the amount of work required of the 
catalyst. The latter effect could be noted by the increase of CO in 
the exit gas when the proportion recirculated was excessive. 


Condensation 


The condensation of zinc from the products of reduction with natural 
gas presents problems and difficulties not encountered in present practice. 
First, more condensing surface is required because of the much lower 
concentration of zinc vapor in the gas. After reduction with carbon 
the zine concentration is approximately 50 per cent, a dilution of 1 to A. 
With natural gas the maximum concentration is 25 per cent, a dilution 
of 4 to 1. However, with adequate condensing surface at the proper 
temperatures condensation is practically complete. 

The practical necessity of recovering the gaseous products for further 
use and the large condensing surface required have led to development of 
a more elaborate and expensive condenser than usual practice dictates. 
The advantages of the new form are as follows: (1) practically complete 
recovery of the metal; (2) condensation in stages, separating the metal 
into different grades of exceptional quality; (3) continuous operation ; 
(4) recovery of gaseous products. 

The disadvantages are: (1) high initial cost; (2) inaccessible passages, 
which cannot be mechanically cleaned out when fouled. 

Long life for such a condenser is thus a practical necessity. To 
prevent rapid fouling of the condenser and to devise a workable 
method of cleaning a fouled condenser have been major problems of 
this work. 

Solution of the problems has been slow because several distinct and 
unrelated factors cause the reoxidation mainly responsible for fouling. 
These factors are: 

1. Reversal of reactions 3and4. By the catalytic reactions, reoxida- 
tion from this source has been reduced to a negligible amount. 

2. Interruptions in the flow of gas during the charging of ore, etc., 
cause reoxidation because the excess CH, (required for the catalyzed 
reactions 5 and 6) is eliminated by reaction with ore and when the flow 
of gas is resumed the CO:z and H.O content (nearly at equilibrium con- 
centrations) pass unchanged through the catalyst and produce reoxidation 
in the condenser. Automatic feed and discharge of the ore will overcome 


this difficulty. 
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3. Reoxidation from COz2 produced in the condenser by reversal of 
reaction 7;i.e., 200 >C + CO:z. At the temperature of the condenser 
the reaction rate is negligible unless catalyzed. A porous refractory, 
such as alundum, has a catalytic action, and even traces of iron have a 
marked effect. Trouble from this source has been completely avoided 
by the use of a glazed porcelain condenser. 

4, Reoxidation by air that diffuses through cracks and porous walls 
of the condenser. At the temperatures of condensation the rate of 
diffusion through the wall of a well made alundum condenser is surpris- 
ingly high. This diffusion takes place even if the gas pressure inside is 
considerably above atmospheric. After the condenser walls have become 
coated with metal this source of oxidation is greatly reduced but not 
entirely prevented. The porcelain condenser overcame this source of 
trouble and revealed that the porous refractory material previously used 
was the chief cause of reoxidation. 

When a run is started with a new alundum condenser, the exit gas 
may contain as much as 10 per cent nitrogen and 2 per cent CO». These 
constituents gradually decrease, and after 5 to 10 hr. operation the com- 
position of the exit gas is normal. As a result of the large amount of 
reoxidation in the condenser during such a start it becomes so fouled 
after 100 or 200 hr. of operation that gas can no longer pass through it. 

In the first run with a porcelain condenser inspection of the contents 
after 168 hr. of operation revealed only a small quantity of oxide. It 
was estimated that at least 400 hr. of such service would be feasible. In 
a larger unit, with larger condenser passages and more precise control of 
operating conditions, the condenser should give uninterrupted service 
for 30 days, possibly very much longer. 

The cost of a shutdown and replacement of the condenser even at 
such intervals would be a considerable item, which can be avoided by 
providing two condensing systems for each retort. By the use of alloy 
valves (the satisfactory functioning of which has been amply demon- 
strated), either condenser can be blocked off while the other is in use. 
When a condenser becomes fouled the valves can be reversed, so that the 
fouled unit can be cleaned while the other is in use. A condenser can 
be cleaned completely by heating it to 1000° C. with auxiliary burners 
and passing exit gas through it. The fumes thus produced can be burned 
and the zinc oxide recovered in a bag filter. 

It is also quite feasible to construct a separate catalyst chamber for 
each condenser and thereby enable “‘ poisoned ”’ catalyst to be regenerated 
without interrupting operation of the retort. Details of a design for a 
large unit with two catalyst chambers and two condensers will be dis- 
cussed later. 

The condensed metal collects in condenser traps 11, 12 and 13 (Fig. 4). 
Most of the lead collects in the lower trap 11, about two-thirds of the 
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zine in 12, and most of the remaining zinc in 13. The lead content of 
samples from a furnace run during 100 hr. of operation are as follows: 
(No. 11) 56.1 per cent Pb, (No. 12) 0.052 per cent Pb, (No. 18) 0.023 per 
cent Pb. Cadmium could not be detected by wet methods of analysis in 
any of these products, probably because of its efficient removal in the 
pretreatment process. 

The concentration of zinc vapor in the gas entering the condenser is 
about 25 per cent. The dew point at that concentration is about 785° C, 
The temperature in the lower part of the condenser (trap 11) should be 
held at 800° C. to condense most of the lead and but little zinc. There 
should be a gradual drop in temperature as the gases travel upward, and 
the condenser outlet should be above 419.4° C., the melting point of 
zinc. At 450° C. the vapor pressure is 0.18 per cent of the pressure at 
which zinc enters the condenser. 

Since only 0.3 per cent of the zinc passed through the condenser, as 
determined by that caught in the bag filter, condensation was as good as 
could be expected. The filter was installed to prevent clogging of 
the valves in the gas-recirculation system. These valves were barely 
‘‘eracked”’? and even a minute amount of dust affected their adjustment. 
The filtered product may be classed as blue powder, but it contains 
only a trace of oxide. The filter bag gave no trouble and did not 
require cleaning. 


Raw MATERIALS AND THEIR PREPARATION 


The materials tested and their analyses are listed in Table 4. 
If properly prepared, all these materials give satisfactory results. Ores 
1 and 3 contained so much dust that excessive pressure was required 

_to force adequate flow of gas through a charge in the retort. For com- 
mercial application of this process, it will be necessary to devise a method 
of sintering or other treatment to eliminate most of the dust. For experi- 
mental purposes the material was just passed over a 120-mesh shaking 
screen and the undersize rejected. Most of the sulphur content of a 
properly roasted ore is present as sulphate. Sulphur combined as Zns 
is affected only slightly by the reactions in the retort, but oxidized sulphur 
is changed to volatile compounds (H.S, SOs, etc.) which foul both the 
catalyst and the condenser. 

Pretreatment is very simple. The roasted material is charged into a 
vertical iron retort heated to 800° C., and the exit gas from the condenser 
(CO + H:) is passed through it until the fumes change from dark choco- 
late brown to white or pale yellow. The lower portion of the charge is 
then removed, more ore added at the top, and the treatment continued. 
Only part of the sulphur is volatilized, but that remaining is reduced to 
inert ZnS. The pretreatment’ expels most of the cadmium and partly 


reduces the iron oxide. 
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TaBLe 4.—Materials Tested* 


Sintered Concentrates Calcined Concentrates 
Constituent : 

1 ne amg & 2 cal & | 3 (Bagle-Picher Co.) 
VA te aN TR Do oe cre 69.10 70.60 68.68 
| oe OR eat OMe 0.43 0.70 1.18 
S eenvbesth cis btn Giadoticramnenate 0.70 1.00 0.98 
Cd SSR aoe eee ee 0.01 0.28 0.02 
| erecting weermeart cia Ace ce 7.35 1.97 
CULE Bator RT teas 0.80 1.07 
SOA aA oe pooh Repo Rae 1.96 5.60 
CaO eMo Oa ac. ee ee oe 1.07 0.83 2.12 


2TIn addition to the commercial ores listed, zinc-galvanizing dross was treated. 


The galvanizing dross required different treatment in the same equip- 
ment. A mixture of air and steam was passed through the heated charge. 
The dross contains metal, which should be completely oxidized, and zinc 
chloride, which must be expelled or hydrolyzed into zine oxide and HCl. 
Usually the pretreatment was carried on while the retort was operating, so 
that the exit gas could be used without storage. The quantity of exit 
gas more than suffices, and only a small portion of the gas is oxidized by 
the reactions in the pretreater. 

Ore 1 has a high iron content (7.35 per cent Fe) and the reduction of 
this iron consumes a considerable portion of the gas required for reduction. 
The iron is partly reduced in the pretreater, but it is in a fine, spongy 
condition, so that atmospheric reoxidation is rapid if it is discharged hot. 

Residues from this ore contain 30 per cent metallic iron, which in , 
the lower part of the retort tends to sinter and form lumps that obstruct 
discharge of residues. To overcome this trouble and to increase the 
porosity of the charge, crushed coke was mixed with the ore in the ratio 
of 1 to 20. This coke enters into the retort reactions only to a minor 
extent, most of it being discharged with the residues, as well as consider- 
able carbon from the gas. 

When the flow of gas through the retort is stopped reactions 3, 4, 7 
and 8 continue as in the usual method of reduction by carbon, but the 
rate of reduction is only a small fraction of the rate during normal opera- 
tion with gas. This is positive evidence that at a given temperature the 
reduction with gas is much more rapid than reduction with carbon. 


EXPERIMENTAL DaTA 


Tables 5 and 6 summarize data from two representative furnace runs. 
In comparing these results, especially the zinc content of the residues 
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with those obtained in commercial plants, it should be noted that these 
residues are not diluted by large amounts of coal and therefore have a 
higher zine content for a given extraction. The calculations in Table 7 
show this effect of dilution. 


TaBLe 5.—Zinc-furnace Data 
Test, Juty 26-31, 1933 


Initial Charge Left in Retort Residues Discharged 
Weight, Zine, Zine, Weight, Zinc, 
Grams Per Cent Per Cent Grams Per Cent 

1340 50.4 41.0 870 30.0 
1100 47.4 28.1 960 22.5 
720 39.8 2.6 920 10.4 
1730 34.0 16.4 970 9.6 
2560 30.4 10.7 1010 9.3 
7450 38.2 26.95 4730 16.05 


. Zine 
Zine, u 
Per Cent ee a 


Initial charge (residue) 4 
Operating charge, ore.............. : 145 
Operating charge, coke 


Totalichareedsssece- sees. s ss. uee 
Residues ler imretort.....s-. aes: = - 


INGO HATE Ce. fits toric aie cteratel stove eke 158 
Residues discharged............... 7 
POSEPA CHE peer aia stew cm teuslt Setscsrs 151 
WATIGHTECOVETCU, ss cbec ces oe cok Sass + 141 


Net operating time, 109 hr. Retort temperature, 1040°C. Gas used, 5300 liters 
(48.6 liters) per hour. Zinc per liter, 3.11 grams. Average composition of exit gas: 
CH,, 0.5 per cent; COz, 0.3 per cent; Hz, 63.8 per cent; CO, 35.4 per cent. 


The retort used in these experiments holds about 6 kg. of partly 
treated ore, more or less according to the grade of material, of which 
about 4 kg. is in the reaction zone. In Table 5 the average grade of 
the furnace charge is about 32.5 per cent zine, [(38.2 + 26.9) /2]. Table 7 
shows that this indicates 85 per cent extraction, and that of each 
235 grams charged (the rate per hour) only 64 grams remains. The time 
required for the material to pass through the retort is therefore 699964 = 
94 hr., and through the reaction zone, 499964 = 6214 hr. For these 
reasons, the zine content of residues obtained during the first two or three 
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days of operation is no criterion of the extraction because it depends 
mainly upon the composition of the initial charge. Since in this test 


TaBLE 6.—Zinc-furnace Data 
Test, Oct. 12-19, 1933 


as 


Initial Charge Left in Retort Residues Discharged 
Weight, Zine, Weight, Zine, Weight, Zine, 
Grams Per Cent Grams Per Cent Grams Per Cent 
780 38.0 2100 53.8 1410 6.1 
650 34.1 1720 41.2 1575 27.2 
680 25.4 1350 39.5 1070 38.6 
540 21.0 1190 LilieD 880 41.3 
1180 10.9 640 20.1 1200 44.2 
1350 6.2 1400 37.5 
5180 21.0 7000 38.6 7355 31.1 

Weight, inc; ines Zinc, 

Grans’ | erent | Grama | Grams per 
our 


Inttialicharg esas toner tote ye oar ate 
Operating charge, ore.............. 
Operating charge, coke 
‘Totalicharged sey erated. ice tite 
Residues left in retort.............. 
NotGhargenan stig eit sce s,ocga a 
Residues discharged..........0..... 
Extracted sAcets sr crc tances - 


Net operating time, 131 hr. Retort temperature, 1030° C. Gas used, 5250 liters 
(40.0 liters per hour). Zine per liter, 3.12 grams. Average composition of exit gas: 
CH,, 1.7 per cent; COs, 0.1 per cent; H», 60.4 per cent; CO, 37.8 per cent. 


(Table 5) the initial charge contained twice as much zinc as the final 
charge, zinc was extracted at a higher rate than it was charged as ore. In 
estimating the percentage of extraction we have the following alternatives: 


Zn extracted/Zn charged = 151445 = 104 per cent 
Zn extracted/net Zn charged = 15145, = 95.5 per cent 


Obviously the first is incorrect; the second is a good approximation, 
but it is influenced by residues that were not treated in this test. The 
net zinc charged is the sum of the zinc extracted and the zinc in the resi- 
dues. Also, the zinc content of residues obtained after the first three days 
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Tasie 7.—Calculation of Zinc Content of Residues* 


Extrac- : Fuel : : 
os pion, | Grams Grwis | Grains’ | Residue Ree Mpa cone 

100 grams ore... 80 13.6 17.0 14.0 0 31.0 43.9 
0 gram coke... 85 10.2 12.7 14.0 0 26.7 38.2 
90 6.8 8.5 14.0 0 22.5 30.2 

95 3.4 4.2 14.0 0 18.2 18.7 

100 grams ore... 80 13.6 17.0 14.0 5 36.0 38.8 
10 grams coke.. 85 10.2 12? 14.0 5 ails d 32.2 
90 6.8 8.5 14.0 5 27.5 24.7 

95 3.8 4.2 14.0 5 23.2 16.4 

100 grams ore... 80 13.6 17.0 14.0 25 56.0 24.3 
50 grams coke.. 85 10.2 12.7 14.0 25 51.7 19.8 
90 6.8 8.5 14.0 25 47.5 14.3 

95 3.8 4.2 14.0 25 43.2 8.8 


2 Assume ore, 68 per cent Zn, 14 per cent nonvolatile gangue; coke, 50 per cent left 
in residue. 


is 4 grams per hour. Therefore, if the initial charge had been the same 
as the final charge, or if the same operating conditions were maintained 
for an infinite time, either method of calculating extraction would give the 
following correct result: 


151 
Zn extracted/net Zn charged = Ui he 97.5 per cent 


The situation in the run starting Oct. 12 (Table 6) is exactly reversed. 
The initial charge contains less zinc than the final charge; zinc is fed at a 
higher rate than it is distilled, and the first residues are of lower grade 
than later ones. The extraction, calculated as in the first section of the 
Table, is 80 per cent; zinc extracted, divided by net charge, is 87.5 per 
cent. If the net charge is based upon residues obtained after the third 
day, the extraction is about 85 per cent. 

Residues containing less than 10 per cent zinc (better than 97 per cent 
extracted) have been obtained frequently over periods of several days; 
this is conclusive evidence that remarkably high extraction by this 
process is feasible. 

In these tests a considerable portion of the zinc remains in the con- 
denser, and accurate determination of the quantity of zinc condensed is 
not practicable. In Tables 5 and 6 the items for zinc recovered are based 
upon the zine actually tapped plus a conservative estimate of the content 
of the condenser. Unless there is a gas leak in the apparatus the zinc 
condensed as metal must be about 99 per cent of the actual zine extracted. 
A small portion is reoxidized, and still less is caught as dust in the filter. 
There are no other sources of loss. 
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The following data on smelting losses in present conventional retort 
practice were obtained from a large operator and show a net recovery of 
86 per cent: 


Direct: recovery: of metali ge. ee. . see tee ee ee ee ere 66 
From resmelting blue powder.............2+2+0eeeeeeeeeetees 20 
Loss in resmelting blue powder..............-.++e+eeeeereeees 2 
Loss in residues containing 14 per cent Zn............-...-+45- 6 
Absorbed in retorts and condensers............-.-...-------:- 2. 
2 
1 


Capacity 


Rates of reaction increase rapidly with temperature. They are also” 
affected by the composition of the charge and by the rate of gas input. 
Feeding ore at a high rate will increase the zinc content of the charge and 
the rate of reaction, but will decrease the percentage of extraction. A 
high rate of gas input will increase reaction rate but decrease the zinc 
extracted per unit volume of gas. Therefore, when efficiently operated, 
the capacity of a retort is determined by its temperature, and the latter is 
limited to 1100° C. by the thermal limit of the metal used in constructing 
the retort. 

In the experimental unit, 1050° C. was considered the upper limit for 
safe operation to allow for fluctuations in heat input and local overheating. 
At that maximum temperature the zone above 1000° C. extended over 
only half the heated length. The reaction zone (above 900° C.) of 170 cu. 
in. had an average temperature of 1010° C. The production of metal 
(with 97 per cent extraction) was 3620 grams per 24 hr. or 21.2 grams per 
cu. in. per day. On this basis, a retort 8 in. in diameter and 54 in. long 
would produce 122 lb. of metal per day. With lower extraction a much 
higher reaction rate has been obtained. 

In a large unit the zone of maximum temperature would extend over 
a much larger portion of the reaction zone, and with adequate tempera- 
ture control the average temperature could be increased to 1050° C., 
which would about double the reaction rate and capacity. The tem- 


perature drop from the heating chamber to the center of an 8-in. retort is 
about 10° C. 


Gas Pressure 


The pressure required to force an adequate flow of gas through the ore 
charge and bed of catalyst varied considerably with different ores and with 
different operating procedures. In general, conditions favoring high 
reaction rate, such as a densely packed and finely divided charge or an 
increase in temperature, also require an increase in gas pressure. Oper- 
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ating conditions giving the data in Table 5 required an average gas pres- 
sure of less than 1% lb.; in most tests, the pressure averaged 1 lb. and in 
some tests reached 5 lb. The pressure drop through the catalyst usually 
is about one-half the total. 

Calculations based upon studies by Furnas’ of relations between the 
temperature, the dimensions of the retort, the sizing of the charge, and 
the rate and pressure drop of the flow of gas give surprising results. A 
change in only the diameter of the retort will have no effect on the rate of 
flow per unit of area; but if the length is doubled, the rate of flow must be 
doubled (to maintain an excess CH, for the catalytic reactions), and the 
pressure drop will be four times as large. 

From these estimates it appears that 16 ft. is about the limit of retort 
length for practical gas pressure, unless a radical change is made in the 
preparation of the ore charge. In this connection, the pressure decreases 
rapidly as the size of the ore grains increases, and a mixture of large lumps 
in a bed of fine particles offers a much greater resistance to the flow of 
gas than if the large lumps were absent. The minimum resistance is 
found from the maximum average size of particles and a minimum differ- 
ence between the various sizes. 

In a large retort with automatic feed and discharge it should be possi- 
ble to maintain a more uniformly distributed charge than by intermittent 
manual operations. Moreover, in a large unit the pressure drop in the 
ends of the retort will be a smaller fraction of the total than in the 
experimental unit. 

There are not yet enough data upon which to base precise calculations 
of the most effective dimensions of a catalyst chamber, but if the form and 
size chosen are approximately correct, the catalytic rate can be varied 
by changing the size of the grains of catalyst. 


DESIGN FOR LARGE FURNACE 


Figs. 10 and 11 are plans for a pilot plant that incorporate all the 
changes and refinements suggested by the work to date. Except in 
minor details, the design and materials of construction are exactly like 
the same features of the experimental furnace. 

Sections of sheet-alloy parts are shown in the plans by extra heavy 
solid lines. All other sections are indicated in a conventional manner. 

Heat Distribution Considerable attention was given to means of 
obtaining economical use and proper distribution of the heat. The gas 
burners are designed to use preheated air from a recuperator. A regener- 
ative system would be less efficient and give less uniform results. The 
multiple combustion chambers enter the annular space around the retort 
tangentially through fan-shaped ports so staggered as to distribute the 
heat uniformly and produce a maximum velocity of rotating motion 


(Fig. 11a). 
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The combustion products spiral upward around the retort and pass 
through a port in the top of the wall which separates the retort from 
the pretreatment kiln (to the left). The kiln is a 6-in. alloy tube sur- 
rounded by eight 34-in. alloy recuperator tubes, joined top and bottom 
to annular distributing flues. The heating gases pass downward through 
this chamber and then back through a short flue to the stack (in the left 
rear corner of the plan). The stack has a double wall, which provides an 
annular recuperation space through which air for the gas burners is forced 
downward, then up through the recuperator tubes, and finally distributed 
to the burners through pipes placed in the insulated space between the 
inner and outer furnace walls. In this manner, most of the heat content 
of the gas fuel can be utilized. 

Two other burners heat the catalyst chamber. A portion of the 
heating gases from this chamber passes through ports (with regulating 
dampers) in the condenser base (Fig. 11b) so that the temperature of the 
lower part of the condensers can be controlled. The larger portion 
of the heating gases travels upward around the flue leading to the con- 
denser and is then deflected by an alloy shield into ports leading to the 
retort chamber. The temperature of the upper part of the condensers is 
controlled by additional burners, through which either heat or cold air 
may be supplied. 

Automatic temperature control for the retort and catalyst would be 
desirable but not essential if a constant-pressure gas supply is provided. 
A very liberal supply of pyrometer thermocouples should be installed in 
an experimental unit. 

Charging and Discharging Mechanisms.—The ore-charging device is not 
a tested design. It consists of a reciprocating plunger which enters the 
top of the retort through a stuffing box. Motion is imparted by a crank 
or cam (not shown) through a connecting rod consisting of a shaft and 
sleeve with a stiff spring so placed that it will relieve excessive pressure 
on the plunger by a compression allowing the sleeve to slide on the shaft. 
Ore from the gastight hopper will drop under the plunger and be forced 
down by its motion. The latter may be adjusted to feed slightly more 
than is required, and the spring will compensate for the excess. The ore 
hopper contains a partition with a port sealed by a bell valve, so that ore 
may be supplied to the hopper without releasing the gas pressure in 
the retort. 

The discharging device consists of a simple screw conveyor having a 
gastight stuffing box for the conveyor shaft. A small gastight hopper is 
connected to the conveyor pipe by a 45° tee provided with a special valve 
so that the hopper can be emptied without releasing the gas pressure in 
the retort. A hand crank is shown as a means for operating the con- 
veyor screw, but a very slow mechanical drive is preferable. This device 
has been tested and works satisfactorily. 
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Retort.—The retort consists of an upper cone welded to a 12-in. tube 
36 in. long. A lower cone is welded to a 12-in. tube 30 in. long. The two 
parts are joined by a ring 14 in. in diameter, which is flanged inward and 
welded in the position shown. The upper tube extends into the middle 
ring, forming an annular offtake for the retort gases. Feed and discharge 
mechanisms are connected by pipe couplings welded to each end of the 
retort. Gas-inlet connections are welded to these couplings. 

Dust Collector.—A flue 3 in. in diameter and 8 in. long connects the gas 
offtake of the retort with a dust trap 8 in. in diameter and 16 in. long, con- 
structed like a cyclone collector. The gas inlet is covered by a baffle, 
which deflects the gas tangentially to give a centrifugal effect. The gas 
outlet is a short 3-in. pipe, which is part of the catalyst-chamber assembly 
(Fig. 11b). It projects into a central opening in the top of the dust 
chamber, which has a tapered collar that makes a gastight joint with a 
tapered shoulder on the outlet pipe. 

Experience has shown that only a very small amount of dust reaches 
the dust collector. Although this dust will affect the gas pressure appre- 
ciably if it is deposited in the bed of catalyst, accumulation of enough to 
fill the dust chamber requires an exceedingly long time. If necessary, a 
clean-out port may be cut in the bottom of the collector and be machined 
to fit a tapered plug with a handle extending down through the base of 
the furnace. By this means the accumulation of dust could be blown 
out of the chamber whenever necessary. 

Catalyst Chambers.—There are two U-shaped catalyst chambers con- 
structed of 3-in. pipe. Each Uis 24in. high. One leg of each U is welded 
to a header, which in turn is welded to the offtake flue from the dust 
chamber. The header is divided into two valve chambers, by partitions. 
By means of the valves gas from the retort may be admitted to, or cut 
off from, either of the two catalyst chambers. The valve stems project 
through pipes welded to the header. These pipes admit gas for regener- 
_ ating the catalyst or cleaning a condenser. During these operations 
the valve is pushed inward, and for normal operation the valve is 
pulled outward. 

The second leg of each U is offset at the top to form another valve 
chamber for each catalyst. Vertical flues lead from these valve chambers 
to the condensers. The purpose of the valves is to close the passage 
to the condenser and provide a by-pass for gases used to regenerate the 
catalyst. During normal use, or when a condenser is cleaned, the valve 
is pulled outward. To prevent fouling of the condenser during regenera- 
tion of the catalyst the valve is pushed inward to close the condenser 
passage and open the by-pass, so that the gases escape through the open- 
ing around the valve stem into the heating chamber. 

Openings for removing and charging catalyst are provided at the top 
and bottom of each U. These openings are closed by tapered plugs so 
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fitted as to make a gastight seal when coated with waterglass and 
firmly seated. 

Valves—The valves are of a peculiar design, developed for this 
particular service. They are not especially difficult to make. They are 
two-way valves, having two valve seats, one corresponding to that in a 
globe valve and the other in the by-pass opening through which the stem 
projects. The valve disk is simply an enlargement of the stem tapered 
at 5° in both directions to fit corresponding tapers in the valve seats. 
They are made of alloy sheet and welded. 

Condensers.—The condensers are constructed of porcelain in a cylindri- 
cal shape 9 in. in external diameter. Partitions deflect the flow of gas 
and provide four traps for collecting metal. A porcelain elbow projecting 
from the lowest section of the condenser joins the gas-inlet port to the 
metal flue leading from the catalyst chamber. 

A compression gland is attached to the upper 4-in. porcelain extension 
of the condenser, making a gastight joint between the condenser outlet 
and the flue leading to the dust collector. This flue, of 3-in. and 2-in. 
iron pipe, cools the hot gas from the condenser before it reaches the wool 
filter bag. 

The filters (one for each condenser) are single-unit bag filters of 
conventional design, with a 5 by 36-in. bag enclosed in a 6-in. cylindrical 
metal housing. A 1-in. gas-outlet pipe leads from the filter to a gas- 
storage tank (not shown). 

Multiple Units——The furnace is thus provided with two sets of 
catalyst chambers, condensers, filters, and connecting flues and valves. 
This may appear rather elaborate for a pilot unit, but experience has 
shown that it is essential to uninterrupted service. Ina commercial plant 
with multiple retorts, the gas from each retort would enter a common 
flue leading to a battery of catalyst-chamber and condensing systems 
having only one or two units in excess of normal operating capacity. 


The cost of the extra units would be nominal compared with the expense _ . 


of more or less frequent interruptions. While the duplex feature in an 
experimental unit may not be justified from a cost standpoint, it is 
necessary to test the details of construction and operation. 

Pretreatment Kiln.—The pretreatment kiln is heated by waste gas 
from the retort chamber, which should be enough to maintain a tem- 
perature of 850° C. Since adequate pretreatment can be accomplished 
anywhere between 750° and 950° C., means of regulating the temperature 
have not been indicated but may be supplied if required. 

Mechanism for discharging the ore from this kiln is not shown in the 
plans, but it can be the same as that used in the retort. An inlet for 
condenser-exit gas enters the bottom of the kiln. The open upper 
hopper is kept full of ore. To prevent reoxidation and deposition of 
volatilized impurities in the cold upper part of the charge the gaseous 
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products are drawn off through a 2-in. pipe extending into the hot zone. 
These gases may be led to a bag filter connected to the suction end of a 
pressure blower (not shown). 

This final exit gas, consisting largely of CO and Hp, will still contain 
a large fraction of the B.t.u. value of the gas fed to the retort, and more 
than the endothermic requirements of the process. It may be used as 
a source of heat, or a more valuable use as a metallurgical reagent in some 
auxiliary process may be developed. 

The cost estimate in Table 8, for the construction of one large unit, 
was made with the assistance of an independent engineer. 


TaBLE 8.—Estimated Cost of One Large Unit 


Material Labor Total 

IROhOT URE rere ee ee eae Che aie OMe ck ons $ 90 $ 40 $ 130 
Charcingpmechamismee acco yeti 2 os eye hbe moles = 270 100 370 
Catalyst chamber and valvesss.-2 penn). oak chara 60 80 140 
Pretreaberand i TeCuperatOn ser ae cee wcystecus oy) ie > 70 30 100 
Gas-CirculatingLeGUiIpMent, 0.6 wes cece oe es oe 650 100 750 
(GACROUITMELS TehC meter. CaM nen. Mews te noite ones 140 110 250 
TRY SSD BSE WORRIES y been. ch bd cceae GRIN cle eo ee aa 575 275 850 
NETS CE llamCOUS sumer eee ean tis) sore: elenebcun roles yo encten Gastet 400 400 800 
GROMER. © i Pane he OS BONO ED en Oe, crema 2255 1135 3390 
[Ua RoiRG REE Coats Bee cick Gao Hee oe 710 
$4000 


Economic PossiIBILITIES 


The technical feasibility of the process has been demonstrated 
thoroughly on a laboratory scale, but the economic possibilities can be 
determined only by tests in a larger unit. The following estimates are 
based on laboratory data (and in many details are only approximations): 

Capacity.—The capacity per unit of retort volume is chiefly a function 
of temperature. Since the average temperature of a large retort may 
come closer to the safe maximum temperature than is possible.in the 
laboratory size, probably it will have a higher rate of reaction. Based 
upon the capacity of the 3-in. retort, the 12-in. retort will produce about 
300 Ib. of zinc per day. This might be doubled. 

Recovery.—Undoubtedly an extraction of 95 per cent is feasible, and 
nearly all the zinc extracted will be recovered as metal. 

Utilization of Gas.—Five cubic feet of gas will produce about one 
pound of metal. 

Fuel Consumption—The amount of gas required to heat the labora- 
tory furnace was excessive and cannot be used as a basis for estimating 
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fuel consumption in a large unit. The fuel required per pound of zinc 
certainly will be much less than (perhaps half) that required to heat the 
present type of commercial furnaces because: (1) The operating tem- 
perature is at least 200° lower; (2) radiation loss is practically eliminated ; 
(3) the thermal conductivity of the retort is incomparably greater as the 
denser charge and hydrogen content of the retort improves transmission 
of heat through the charge; (4) continuous operation is thermally more 
efficient; (5) much larger capacity per unit volume of retort; (6) the heat 
value of the condenser exit gas. 

These factors are offset to some extent by the heat required for pre- 
treatment, catalysis and to raise the reduction gas to reaction temperature. 

Life of Retort—The cost of retort replacement is one item that may 
and probably will exceed the equivalent item in present practice. It isa 
most uncertain factor. During intermittent laboratory tests over a 
period of two years two retorts failed. The last retort constructed has 
given more service than both the other two and still is usable. The 
failure of one retort was caused by treating dross containing chlorides. 
The first failure occurred in a rectangular retort and started in the welded 
joints. Cylindrical shapes are more durable. Accidental overheating 
may partly account for the failure; but the retort metal was brittle, even 
where overheating was impossible. 

Deterioration of the metal, as shown by crystal growth and brittle- 
ness, may result from heating. Chemical reaction with carbon, sulphur 
and zine also is possible. There appears to be little or no reaction with 
zine vapor, but if liquid zine comes in contact with hot alloy the latter is 
ruined. During normal operation such contact does not occur, but when 
a retort is cooled after a run is completed zine metal is condensed on the 
wall, and when heated for a subsequent test it alloys with the retort 
metal. This contact with liquid zinc, and alternate heating and cooling, 
probably is a more severe strain on the retort than continuous service 
would be. The retort will probably last longer at 1000° C. than at 1050°, 
but the capacity will be less. Data covering years of operation will be 
required to determine the best alloy and the temperature at which the 
operating cost (including replacement of retorts) per pound of zine is 
lowest. At the present cost of alloy metal (50¢ per pound) a retort and 
catalyst chamber will cost about $270, to which $30 may be added for 
time lost. Assuming a life of one year and a production per retort of 
300 Ib. of zine per day, the replacement cost will be 0.28¢ per pound of 
zinc. Increase in capacity or in size of retort will decrease replacement 
cost. Also, 50¢ seems a high price for chromium-iron alloy, and it may 
become much cheaper. 

Life of Condensers.—Condensers will require occasional cleaning (by 
distillation) and unless accidentally broken should last indefinitely. 
The replacement cost may be neglected. 
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Life of Refractories ——At the relatively low furnace temperature, a 
well built furnace should last indefinitely. 

Life of Catalyst—No limit has been found for the life of the catalyst. 
Regenerated material seems to be as effective as freshly made catalyst. 
The cost of replacement would be mostly the cost of closing down the 
furnace and obtaining access to the catalyst chamber. 

Labor.—Common labor can almost be eliminated, and working condi- 
tions will be infinitely better than in present plants. After details of 
operation have become standardized and automatic control of tempera- 
ture, feed, discharge, etc., has been adjusted, technical supervision 
should not be difficult. One trained and one untrained man could operate 
a large number of units. 

Quality of Products—The zine produced is nearly as pure as elec- 
trolytic metal. Lead, mixed with a little zinc, is obtained as a separate 
product. Cadmium can be recovered from pretreatment fume. 

Cost of Installation —The initial cost of a furnace for gaseous reduc- 
tion may be more than an ordinary furnace of the same capacity, but the 
former will have a much longer life because of the lower furnace tem- 
perature. Expensive machinery is not required for making retorts 
and condensers. 

Pretreatment of Ores.—It appears certain that a suitable preparation 
for most ores will include a sintering roast, followed by screen sizing, 
crushing the oversize, and return of undersize to the sintering step. In 
this manner a granular, porous, closely sized material will be obtained. 

If the gangue is high in iron or becomes “sticky” at 1050° C. for 
other reasons, it may be necessary to dilute the charge with some inert, 
infusible material, such as coke or lime. In recent experiments on the 
production of sponge iron it was found that a wash with milk of lime is 
an inexpensive and practical means of preventing sintering. This may 
be applicable to zinc ores that tend to hang up in the retort. 

Pretreatment with exit gas to eliminate sulphates will be necessary. 
The value of the cadmium that can be recovered by this operation may 
be more than the small cost of treatment. 

Mechanical Feed and Discharge of Ore-—Development of satisfactory 
mechanism for the charging and discharging may take time. The retort 
charge must not be allowed to have empty spaces or be packed too tightly. 
Proper preparation of the ore is essential for satisfactory operation of feed 
and discharge. 

Electrothermic Reduction—A combination of electrothermic and 
gaseous reduction has possibilities. By the use of internal, electrothermic 
heat, much larger retorts can be used and the average temperature of 
the charge can be increased without overheating the retort. This would 
increase the capacity and greatly reduce the cost of replacement per 


pound of zinc. 
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Economic Possibilities —Additional quantitative data on the following 
points would permit an unequivocal decision as to the final economic 
possibilities of the process: 

1. Effects of temperature variations, relative volumes and rates of 
gas flow in the upper and lower parts of the reaction zone on capacity, 
extraction and catalytic reactions. 

2. Effect of rate of ore travel on capacity and extraction. 

3. Effect of ore impurities, retort temperatures and recirculation of 
exit gas on catalytic reactions. 

4. Effect of size and shape of catalyst chamber on catalytic efficiency. 

5. Effect of temperature on the life of retort. 

Adequate data on these points require precise automatic control of 
temperatures, rates of gas flow, feed and discharge of ore, and the opera- 
tion of a unit under regular conditions for sufficient time to determine the 
life of the unit. While it would not be impossible to provide the neces- 
sary refinements and obtain these data with laboratory equipment, neither 
personnel nor the funds were available during these experiments, and it 
further seems that the data can be more effectively determined during 
the pilot-plant tests, which are still thought to be a necessary preliminary 
to a commercial development of the process. 


SUMMARY 


A new process for reduction of zinc ores by natural gas has been tested 
and the results prove that it has many points of superiority over existing 
methods. All the reactions involved were intensively studied thermo- 
dynamically and as to rates. An apparatus of maximum laboratory 
size was built and an operating technique was developed, which permitted 
a satisfactory continuous operation of the process. All the details of 
construction and operation are well adapted to a commercial use. 

Many tests were made on several typical zine ores and on galvanizing 
dross, in several of which the furnace was operated continuously for more 
than 100 hr. The capacity of a 3-in. (diameter) retort was over 200 grams 
of ore per hour. Five cubic feet of gas produces one pound of metal. 
Over 95 per cent of the zine is readily extracted. 

All the difficulties encountered (some of which were baffling and 
discouraging) were finally overcome. In solving these difficulties two 
fundamental innovations were developed which seem to be absolutely 
essential to any practical process in which zinc ores are reduced by natural 
gas. The most important innovation consists in preventing reoxidation 
by catalyzed reactions and the development of a satisfactory technique 
for maintaining those reactions at maximum efficiency. The second 
innovation is the combination of a concurrent travel of ore and gas in 
the first part of the reaction zone followed by a countercurrent travel 
of ore and recirculated exit gas in the second stage of the reaction. This 
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makes it possible to obtain simultaneously high utilization of the gas 
and very high extraction of the zinc. 

Other essential improvements include the development of a condenser 
adapted to the exacting needs of the process and a method of pretreating 
the ore to eliminate certain impurities. 
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Direct-process Zinc Oxide 
By E. H. Buncn* anp H. M. Hastam,t Memspers A.I.M.E. 


Tue “direct process” for the manufacture of pigment zinc oxide 
produces the oxide direetly from ore. This is accomplished by reducing 
the zinc by means of carbonaceous fuels and immediately burning the 
evolved zinc vapor to zinc oxide. For many years this was done by 
smelting a loose charge of ore and fuel on perforated grates. Since this 
process was developed in America and was extensively used here, it has 
become known as the ‘“‘ American process.” 

Alternative methods of producing pigment zinc oxide are the ‘‘indirect 
process’”’ and the “‘wet process.”’ In the indirect process the raw material 
is metallic zinc, which is volatilized and burned to the oxide. For a long 
time this has been done in externally fired horizontal refractory retorts. 
This process has become known as the “ French process,”’ from the country 
of its origin. 

The wet process precipitates the carbonate or hydrate from zinc- 
bearing liquors and then calcines the precipitate. This method has been 
but sparingly used for producing commercial quantities of zine oxide. 

It appears to be advisable to restrict the use of the terms ‘‘ American 
process”’ and “‘ French process”’ to the methods of the earlier periods and 
to consider the terms “‘direct process”’ and ‘‘indirect process” as generic 
terms to designate, first, all methods of producing pigment zine oxide 
directly from ores, and, second, to include all those methods of producing 
zinc oxide from metallic zine and metallic zinc-bearing substances. 


AMERICAN PROCESS 


In 1796 John Atkinson was granted British Patent No. 2094/1796 
entitled, ‘“‘ Manufacture of White Paint.’’ This patent describes a method 
of producing zinc oxide in which roasted zinc blende or calcined calamine 
is mixed with charcoal, and the mixture heated in a muffle to liberate 
zinc vapor, which is then burned to obtain zinc oxide fume. 

About 1850 The New Jersey Zine Co., at its plant in Newark, N. J., 
attempted to make zine oxide by smelting, in a reverberatory furnace, 
a mixture of coal and ore from its Franklin mine. A considerable amount 
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of pigment was made in this way, but the procedure was not commercial. 
Later a method similar to that of John Atkinson’s was tried. The product 
was better than that from the reverberatory furnace but the recovery 
of zinc was poor. The experiments at 
Newark eventually developed a process that 
was successful, which was called the 
Wetherill furnace method, after Samuel 
Wetherill, who developed the practical 
furnace and the process. At the same time 
S. T. Jones conceived the idea of collect- 
ing the zinc oxide. His plan was to cool 


the mixture of zinc oxide and gas and then a uk 
filter through a muslin fabric. In this way 8 3 gp 
‘‘bagrooms” became associated with the eae 
collection of smelter fumes. S588 
A flowsheet of the American process is (oe Soe & 
shown in Fig. 1. Shae 
= Om Om 
THe WETHERILL FURNACE = s , 
Two types of Wetherill furnaces have , = E 
evolved from the development and distribu- = E 
tion of the industry; now known as the = a 
“eastern” type and the ‘‘western” type. = - 
These types differ only in design; their 5%, 
underlying principles are the same. x = 
Eastern Wetherill Furnace 3 g : 
The eastern type of furnace (Fig. 2) 22 E 2B 
unit consists of four or more small firebrick Feo .4 
furnaces built together with a common back biepe rE 
wall and common side walls into what is oe 


known asa “block.” All furnaces of a block 
are operated simultaneously, though they 
are charged at different times and worked 
independently, according to a cycle of opera- 
tions found economical for the prevailing 
conditions. ‘The vapors from each furnace 
are removed through an opening in the arch 
and conducted to a separate section of a 
system of combustion chambers, where the 
zine vapor is completely oxidized. From here they enter a common p pe 
line leading to a bagroom. By this means the product from individual 
furnaces is blended, and the material collected in the bagroom is the 
product of a “block” and not of a single furnace. 
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The operation of an eastern-type furnace is as follows: A predetermined 
amount of zinc ore and suitable fuel is thoroughly mixed in a mechanical 
charge mixer, with enough water to produce a satisfactory setting of the 
charge when it reaches the furnace. A charge that is too wet has a tend- 
ency to form top crusts, while one that is too dry loses too much of the 
fine materials by dusting. 

The operating cycle of each furnace may be considered as starting 
with the removal of the clinker from the spent fire. This removal is 
carried out as rapidly as possible, so that the furnace will not lose too 
much heat. A thin layer of firing fuel is then spread over the cleaned, 
perforated grate, through which cold air is blown. This layer of fuel is 


Fic. 3.—PIrPE LINE AND BAGHOUSE. 


soon ignited from the residual furnace heat. Assoon as this fuel chargeis 
well ignited, a charge of ore and fuel is placed on top of it and leveled off. 
It is necessary that the furnaceman watch this new charge carefully in 
order to ensure even ignition and working of the zinc. It is desirable 
that the elimination of the zinc be carefully controlled, so that the charge 
will be worked off in accordance with the predetermined time schedule. 
The time of efficient operation varies according to such factors as char- 
acter of ore being treated, design of furnace and quantity of charge 
(or burden). 

As the fumes of zinc oxide arise from the charge, mixed with the 
products of combustion from the fuel, they enter a system of sheet-iron 
pipes which run from the furnace top to a collecting room, or bagroom 
(Fig. 3). Somewhere in this pipe line, usually near the bagroom, is 
placed a large fan, which is the moving agency of the gas system. From 
the fan to the furnace the pipe-line system is under suction, and from 
the fan to the bags it is under pressure. 


tubes (Fig. 4). 
these bags. 
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The bagrooms are large one-room structures filled with vertical fabric 
The furnace gases bearing the zinc oxide are blown into 
The gaseous products pass through the pores of the fabric 
and escape, while the oxide adheres to the bag surface and remains. 


ee 


| 


Fia. 4.—Frinrer BaAGs. 


When the bags are violently agitated, the entrapped zinc oxide falls away 
and drops into collecting bags (Fig. 5) at the bottom of the bagroom. 
The collecting bags are periodically removed and replaced by empty bags. 
The loaded bag is then transferred to the packing room. 

When the finished product from the collecting room (baghouse) is 
received by the packing house, it is screened (Fig. 6) and packed into 
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paper bags or wooden barrels by means of an auger-type packing machine 
(Fig. 7). In this form it is shipped to the consumer. 


Western Wetherill Furnace 


The western type of furnace (Fig. 8) is designed so that the fumes 
from each of the twelve or more furnaces that comprise a block pass into 


Fig. 5.—CoLLECTING BAGS. 


a common overhead flue, which conducts them to the end of the block 
and into a common combustion chamber. This is the essential difference 
between the eastern and the western types. In both types the fumes are 
blended while passing through the connecting flues from furnace to 
collecting room. 
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The present form of both furnace types of the American process is 
the result of a long series of improvements in the details of construction 
and operation (Fig. 9). These changes have resulted in higher quality 
of product and higher efficiency of operation. The introduction of 
mechanically operated charging and discharging machinery made it 
possible to treat heavier burdens and to increase the grate areas, 
thus increasing the size and yield of individual furnaces. 


Raw Materials and Product 


The raw materials that can be worked economically vary in zinc con- 
tent from about 15 to 75 per cent. Impurities such as calcium, iron and 


Fic. 6.—ScREENING ZINC OXIDE. 


silica affect the character of the clinker and influence the metallurgical 
results. Volatile constituents of the charge, even in small amounts, 
greatly affect the finished product. Fine sizes of anthracite coal are 
largely used in eastern-type furnaces but any small-sized smokeless fuel 
can be used with satisfactory results. 

Zinc oxide is a white, nontoxic, slightly basic pigment of extremely 
fine particle size. Because of its unique characteristics, it is used in the 
manufacture of a variety of commodities, such as paint, rubber, linoleum, 
oilcloth, printing ink, ceramics, paper, textiles and cosmetics. In some 
of these applications its usefulness is due to its pigment properties; in 
others, its chemical activities predominate. The successful use of zine 
oxide for such a varied range of products requires during its manufacture 
the most careful control of such properties as particle size, particle shape, 
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color, brightness and smoothness. This means that there are and must 
be many grades of zinc oxide, each one designed and produced for the 
special use to which it is to be put. 


TRAVELING-GRATE FURNACE 


Since the various users of zinc oxide pigment demand various combina- 
tions of physical and chemical properties, the selection of the furnace 


Fic. 7.—PACKING ZINC OXIDE. 


type for the product of this combination is as important as that of the 
selection of the raw materials. A very important factor in the control 
of certain physical properties of the pigment is the rate of combustion 
of the charge. A free-burning open charge rapidly worked produces 
material different from that produced by a charge that is dense and 
slow working. 

A newer type of furnace, known as the traveling-grate type, has been 
designed, bearing in mind the desirability of controlling as many of the 
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variable factors as possible. The necessity for developing a continuously 
operating furnace to produce zinc oxide by the direct process had long 
been felt by the industry, on account of the difficulties encountered in 
operating the Wetherill furnace, but no satisfactory solution of the 


wei 


¥ 
i 
% 
Po 
PA 
# 
= 


Fie. 8.—WESTERN-TYPE FURNACE. 


many problems presented thereby was obtained until 1919, when the first 
completely mechanized zinc oxide furnace was constructed and success- 
fully put in operation by The New Jersey Zinc Co. at its Palmerton plant. 

The mechanization of the direct process involves the continuous feed 
of raw materials into the reduction zone; the continuous production 


BE. H. BUNCE AND H. M. HASLAM 687 


therein of zinc vapor that can subsequently be burned to zinc oxide; and 
the continuous removal of the zinc-free residue. | 

Early attempts failed chiefly because of inability to inhibit the 
accumulation of slag in the reduction chamber, which accumulation 
prevented smooth operation over any long period of time. This diffi- 
culty was overcome in the traveling-grate furnace by the adoption of a 
briquetted charge. 


Fic. 9.—EHASTERN-TYPE FURNACE ABOUT 1900. 


The traveling-grate or mechanical process for the production of zinc 
oxide differs from the American process in two features: first, the prepara- 
tion of the charge and, second, the furnacing of the charge. 


Charge Preparation by Briquetting 


Two types of briquettes are used in compounding the charge: ore 
briquettes (containing ore plus reducing fuel) and fuel briquettes. The 
reason for this will be made clear in the description of the furnacing 
of the charge. 

The ores and the coal for the ore-briquetting plant are stocked in 
large bins close to the mix house. The ore used should be fairly fine. 
Zinciferous intermediate products may be used, of course, as sources 
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of zinc in addition to ore. The coal used is a low-grade, very fine- 
sized anthracite. 

These raw materials are weighed out in large scale hopper. The 
weighing in this apparatus is the only batch operation in the entire proc- 
ess. The mix for the ore briquettes usually consists of 80 per cent zinc- 
bearing material and 20 per cent coal. From the weighing hopper the 
material is transferred to a feed bin, the bottom of which is equipped with 
a feed roll of which the discharging rate is controlled by an adjustable 
gate. The feed roll delivers the material to a belt conveyor, which 
carries it to an edge-runner or Chilean mill. Two of these mills are used 
in series. In the first mill the binder (waste sulphite liquor from the paper- 
pulp mills) is added and the moisture content of the mix roughly adjusted 
The mix is discharged through the floor of the first edge-runner and con- 
veyed by belt to the second edge-runner. In the second edge-runner the 
moisture content of the charge is finally adjusted to produce a proper 
consistency for briquetting. The mix is then elevated to the briquette 
press, which fs a conventional Belgian roll press. (Fig. 10.) 

The briquettes are discharged upon a grizzly, which screens out any 
unbriquetted fines. The fines that pass through the grizzly are returned 
to the press; the briquettes are transferred to a basket drier. A counter- 
current stream of hot gas passes through the baskets of briquettes as 
they travel in an endless chain through the drier. 

After drying, the binder has set so that each briquette is a hard, 
compact mass. The shape of the briquette resembles a small pillow, 
measuring 2 in. on a side and about 114 in. through its thickest part. 
The briquettes are cooled as they are conveyed on a long pan conveyor 
to a large bin at the top of the furnace building. 

The coal-briquetting plant is similar to the ore-briquetting plant, 
except that only one edge-runner is used and a rotary drier is provided 
ahead of the edge-runner to reduce the moisture content of the raw coal, 
which as taken from the stockpile is too wet to briquette. The raw 
material is the same low-grade anthracite coal that was used as an ingredi- 
ent of the ore briquettes. The only materials used in compounding the 
mix for the coal briquettes are coal and waste sulphite liquor as binder. 

The drying and conveying equipment for the coal briquettes is a 
duplicate of that provided for the ore briquettes. 

Under the briquette-storage bin in the furnace building is a larry 
car equipped with scale hoppers, which weighs the briquettes and con- 
veys them from the storage bin to the furnace. 

The most recent development in this process, however, dispenses 
with all conveying and drying equipment for handling the briquettes, 
by placing the briquette press directly above the furnace, and by drying 
the briquettes with waste heat from the furnace. In consequence of the 
decreased handling of the briquettes, less binder is necessary in the ore 
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briquette when this arrangement is adopted. This improvement saves 
much capital expense as well as the cost of drying and conveying the 
briquettes and decreases the expenditure for binder. 


Operation of Traveling-grate Furnace 


The grate used in the furnace is a traveling-grate stoker developed 
originally for firing steam boilers. It has been modified somewhat to 
adapt it for zinc oxide production, but its general construction has not 
been altered. The grate surface consists of a number of built-up units 
arranged in an endless chain driven by sprockets at each end of the flat 
surface. The grate bars are made of cast iron and are 12 ft. long. They 
are provided with a pin lock at each end by means of which they are 
fastened to supporting chains. Each of these bars is equipped with a 
set of malleable-iron castings called ‘“‘dovetails,” which are bolted over 
the entire length of the bar. These dovetails hold the cast-iron keys 
(so called because of their resemblance to piano keys) that form the bear- 
ing surface for the charge. The keys are cast with nubs on one side, 
so that when assembled the desired space is provided between adjoining 
keys for the passage of the forced draft. 

In operation, the traveling grate traverses the tunnel-shaped fire- 
brick furnace chamber (Fig. 11), passes over the sprockets at the rear and 
returns under the furnace to the front. At the front, or charge end, of 
the furnace, a hopper receives the coal briquettes and as the grate moves 
forward under this hopper it picks up a bed of coal briquettes. The 
depth of the bed is determined by the height of a water-cooled cast-iron 
leveler or gate, adjustable to a fraction of an inch by a pair of screw jacks 
outside the furnace wall. The normal depth of the coal bed is 6 to 
614 inches. 

The grate then carries the bed of coal briquettes forward into the 
furnace. The first compartment of the furnace is a coal-ignition zone, 
consisting of a short hot section in which part of the fuel in the coal 
briquettes is burned to maintain a temperature of 1000° to 1050° C. 
The ignition of the coal briquettes is continuous, the incoming briquettes 
being ignited by the preceding burning briquettes. 

The bed of incandescent coal briquettes is now carried by the grate 
under an ore hopper, which deposits a bed of ore briquettes of predeter- 
mined depth on top of the burning coal briquettes. The depth of the 
bed of ore briquettes is also regulated by a water-cooled cast-iron leveler 
similar to that used for controlling the depth of the bed of coal briquettes. © 
The depth of the bed of ore briquettes is normally about 6 in. As the 
grate advances into the reduction zone, the charge carried by it is sub- 
jected to forced draft, and the reduction of the ore in the briquettes starts. 
Zinc vapor is driven off and passes out of the furnace. The charge 
traverses the reduction zone and, as the grate turns downward to return 
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to the front of the furnace, the clinker consisting of the residue of the 
charge from which the zinc has been expelled is dropped into waiting 


Fic. 11.—MEcHANICAL ZINC OXIDE FURNACE. 


cars to be removed to the dump, or to other metallurgical furnaces for 


recovering values that may be present. 
Adhesion of the charge to the side walls of the furnace is prevented by 


constructing the side walls of water-cooled plates. 
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The forced draft supplied from beneath the grate in the reaction zone 
is controlled by means of 10 windboxes, each provided with an independent 
damper, so that the intensity of the draft forced through the charge can be 
gradually increased as the charge advances through the furnace; the wind 
boxes also prevent short-circuiting of the draft. 

The coal-ignition zone, the arch over the zone where active reduc- 
tion occurs, and the offtake flue for the finished product are equipped with 
thermocouples for registering the temperatures prevailing at these points. 
This brings the entire process under the control of the operator. 

The zinc vapor passes through the arch openings in the roof of the 
reduction chamber, into a combustion chamber or chambers where the 
oxidation of the zinc vapor can be controlled. 

The collecting system and its connection with the combustion chamber 
are substantially the same as in the Wetherill-grate furnace practice 
already described. 

This mechanical furnace obviously does away with the hot and onerous 
labor conditions of the old process and for its operation requires attendance 
rather than labor. The output per furnace or per square foot of grate 
surface is increased tremendously and the result is lower operating and 
investment cost per pound of product. The quality of the product is 
also under better control, resulting not only in better quality but in better 
control of the many types of product now required by the consum- 
ing trade. 


Treatment of Residues from Electrolysis of Zinc and of 
Lead-furnace Slags in Ash-fusion Gas Producers* 


By J. Van O1rpenxt 


THE ash-fusion gas producer, blown with air preheated to a high 
temperature, was perfected by the Société des Houilléres de Saint-Etienne 
during the years 1920 to 1925, for the treatment of a mixture of ashy fuel 
and limestone. The temperature, about 1800° C., obtained by using 
hot air in running the producer, ensures the fusion of all the slag and the 
transformation into carbon monoxide of every particle of carbon con- 
tained in the materials treated. 

During recent years this apparatus has been used for the treatment 
of ores and complex residues containing such volatile metals as zine, 
lead and tin on the one hand, and on the other such metals as copper, 
silver, gold, nickel and cobalt, which can be concentrated in a matte 
tapped with the slag at the base of the apparatus. 

This paper considers three interesting applications of the ash-fusion 
producer, chosen as examples: 

1. The treatment of the residues from the electrolysis of zinc. 

2. The treatment of lead-furnace slags. 

3. The treatment of tin-bearing residues. 

The apparatus described has been in operation for more than seven 
years at the Viviez works of the Société de la Vieille-Montagne. Other 
installations are derived from it, and are almost identical in principle. 


Tuer Vivirz APPARATUS 


The apparatus consists of an oval shaft furnace with a cross section 
of 6.50 sq.m. at the tuyeres. The casing is wetted externally by trickling 
water. The dimensions of the producer are 1.65 by 4.25 m. The cross 
section is constant to a height of 3 m., then flares slightly up to the gas 
outlet. The total height from the tuyeres to the charging mouth is 
+ 5.50 meters. 

This apparatus is topped by a charging chamber that is operated 
hydraulically. On both sides rises one gas outlet, 1 m. in diameter, end- 


* This paper was presented at Session VII of the Congrés International des Mines, 
de la Métallurgie et de la Géologie Appliquée, October, 1935. The translation is 
published by permission of the President of the Congress. 

+ Engineer, Chief of Engineering Service of the Société de la Vieille-Montagne, 
Paris, France. 
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ing in a dust hopper. The whole is designed for easy cleaning of the 
upper parts, where incrustations have a tendency to collect. 

There are 11 water-cooled bronze tuyeres, 100 mm. in diameter, five 
on each face and one opposite the taphole. 

The crucible fills 30 to 40 cm. below the tuyeres, with a slant toward 
the taphole. 

The shaft is of 30-mm. sheet steel with a refractory lining and external 
water-cooling up to 2.50 m. above the tuyeres. Charging is done with 
a Staehler bucket. 

Air Preheaters—The hot air is supplied to the tuyeres by a fan having 
a capacity of 11,000 cu.m. per hour. It is heated in two groups of 
Philipon heaters, which can work separately or in parallel and can heat 
11,000 cu.m. of gas to 500° C. They consume 15 to 18 per cent of the 
gas produced by the producer. The blast pressure at the tuyeres is 
about 1.500 m. (about 59 in.) of water. 

In general, the materials treated in the cupola are either charged in 
lumps or agglomerated into briquettes, with or without the addition of 
carbon. A certain percentage of flux may be added to the charge. 

Treatment of the charged material gives: the products of volatilization 
(zine, lead and tin oxides); the combustible gas which, after supplying 
the heaters, can be used in various ways; a matte with a basis of iron 
sulphide in which the copper, silver, gold, nickel and cobalt are concen- 
trated; and a slag. 

The products of volatilization are sent to an electric dust remover 
of the Cottrell type or are condensed by a wet process. At Viviez, the 
latter method has been adopted, the following apparatus being used: 
(1) a vacuum scrubber, 10 m. high and 2.50 m. in diameter, receiving 
through a sprayer an hourly supply of 30 cu.m. of water; (2) a scrubber 
with screens, 20 m. high and 3.30 m. in diameter; (3) a Theisen, which 
reduces solids to some milligrams per cubic meter of gas; a figure 
compatible with its final use in a gas engine. 

The gas, after leaving the Theisen, is dried and sent to the apparatus 
using it. 

The wash waters from the various wet-condensation devices are com- 
bined in a settler from which the slimes are extracted and carried to a 
rotary filter; they are then sent to the room where they are to be treated. 


TREATING ReEsipuEs FROM ELECTROLYSIS OF ZINC 


The electrolytic manufacture of zine leaves residues from the lixivia- 
tion and purification of the solutions, whicb still contain relatively impor- 
tant proportions of various metals. When the geographic situation of 
the electrolytic plant permits, these residues are sent to a lead works 
where they are treated in a water jacket, as at the great electrolytic zinc 
plants of the United States and Canada (Trail). 
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The Viviez electrolytic zinc works is too far from a lead works to make 
it possible to consider shipping its by-products, which are poor in lead. 
For this reason treatment on the spot in the ash-fusion producer has 
been considered. 

The electrolytic residues at Viviez have approximately the following 
contents, which vary somewhat with the ores treated: Zn, 18 to 23 per 
cent; Pb, 1 to 6; Cu, 0.5 to 1.5; Ag, 200 to 500 and Au, 0.5 to 1.5 grams 
per metric ton; Cd, 0.2 to 0.5 per cent; As and Sb, 0.20 to 0.30 per cent. 

These residues contain also the following substances, which come 
from the gangue of the ore: SiOz, 2 to 6 per cent; AlzO3, 2 to 8; CaO 
1 to 4; MgO, 1 to 1.5; MnO, 1 to 2; Fe.Os, 20 to 38; 8, 5 to 8, mostly in 
the form of sulphate. 

Briquetting—The vacuum filters of the electrolytic plant deliver 
residues containing 35 per cent of moisture; they are carried through steel 
pipes by a screw, then by air compressed to 4 kg., to a stock bin placed 
at the head of a drying tube. The coke dust and returned dust are added 
before drying. 

The drying tube is 2.70 m. in diameter and 18 m. long. Its inclination 
is 4 per cent and the speed is 2 r.p.m. It is partitioned to increase 
its efficiency. 

The gas, either supplied by burning the gas from the cupola or from 
a mechanical roasting furnace, circulates in the same direction as the 
slime, in order to avoid too great clogging. This is, in addition, broken 
up by automatic beating. 

The capacity of the tube is +200 tons per day. The material leaves 
at 150° C., still containing 5 to 6 per cent of moisture. It is stored in 
two cement hoppers. The gas from the combustion undergoes a dry 
dust removal in a cyclone and hoppers, and then a wet dust removal in 
a scrubber. 

The product, slightly moistened in a rapid stirrer, is compressed by 
Briick rotary presses. A pressure of 400 kg. per sq. cm. has been found 
sufficient. ‘The briquettes are 130 mm. in diameter, 80 mm. high, and 
weigh 1600 kg. A press produces 40 briquettes per minute. They are 
handled mechanically to a tunnel 40 m. long, where they are dried by a 
counter current of burnt gas from the air heaters. This drying is 
then advantageously succeeded by storage in the open air for three or 
four days. 

Composition of Charge—The Staehler bucket charger is fed from the 
hoppers where the various components of the charge (briquettes, coke, 
shale, limestone) have been collected. A bucket containing 1200 kg. of 
briquettes and the additional products is charged four or five times 
per hour. 

In the procedure carried out at Viviez, excess of carbon is avoided, 
which would lead to too hot working and in consequence to the formation 
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of metallic iron, which is not desirable when the content of precious 
metals is high. 

The fluxes added vary with the content of the residues. If these have 
a calcareous and siliceous gangue, the operation is much easier. Silica 
is introduced in the form of shales, coal-mining refuse, from which the 
carbon and volatile matter are thus recovered. 

The briquettes should contain the highest possible percentage of 
carbon. In practice, this rarely exceeds 16 to 17 per cent. In order to 
complete the necessary 25 per cent, metallurgical coke is added. 

The apparatus can treat a daily tonnage of 100 tons of residues in 
160 to 180 tons of charge. 

Products of Fusion—Tapping is intermittent. It is done in cast-iron 
ladles, four times per hour. 

Slag.—An endeavor is made to obtain a slag containing the maximum 
of iron compatible with a minimum of zinc. The density should be such 
that decantation from the matte is rapid enough to permit granulation 
of the slag. Experience has shown that favorable conditions are nearly 
realized by a slag containing 30 to 34 per cent SiOz, 18 to 24 per cent CaO 
and 18 to 20 per cent FeO. 

Matte.—The production of matte is a function of the amount of iron 
in the mixture. Part of the iron is present as FeS, the remainder as Fe. 
The sulphur content is regularly 24 to 26 per cent. A normal concentra- 
tion of the metals, silver and copper, is 4 to 5, referred to the electrolytic 
residue, which gives approximately the following averages: Fe, 55 per 
cent; Cu, 6 to 7 per cent; Ag, 1800 to 2000 grams per metric ton; Au, 
5 grams per metric ton; S, 25 per cent. 

Certain elements that constitute the impurities of the electrolysis of 
zinc are eliminated with the matte; i.e., cobalt, nickel, manganese, arsenic 
and antimony. 

Gas and Products of Volatilization—The gas produced by the appara- 
tus approximates blast-furnace gas. It contains +10 to 12 per cent CO, 
and 23 to 25 per cent CO. Taking into consideration the hydrogen and — 
hydrocarbons, it gives approximately 800 cal. per cubic meter. 

For an operation corresponding to +90 tons of residues per day, there 
is a production of +240,000 cu.m. of gas. The heat balance shows 
that 55 per cent of the calories brought into action is utilized for 
the metallurgical operation and the production of the gas required to 
heat the air. The remaining 45 per cent of the calories is available for 
other uses. 

The outgoing gas from the apparatus passes through a hopper for 
catching coarse dust, from which it issues at +400° C., with a content of 
products of volatilization of 80 to 100 grams per cubic meter. 

After condensation by wet methods, a concentrate containing 70 per 
cent of metal, zinc and lead, is finally obtained. 
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Table 1 gives, together with the analysis of the materials charged, the 
details of the products recovered in an operation treating 1300 tons 
of briquettes. 

The recoveries of metals in this operation were: Zn, 88 per cent; 
Pb, 85; Cu, 93; Ag, 94; Au, 95 per cent. 

Utilization of Cupola Products.—The zinc and lead concentrate returns 
to the electrolytic cycle where, after bringing the zinc and cadmium into 
solution, a lead sulphate with 50 per cent Pb is obtained, which is sold to 
lead works. 


TaB LE 1.—Material Balance Sheet of an Actual Run of the Viviez 
Ash-fusion Producer (Dry Weights) 


Materials Charged? Products Recovered? 
Briquettes, 

Rese | gone | S900" | TBD] TRY | om | 28h" | 20°F 

1000 230. Tons Tons 

Tons Tons 
Ere per CCM Us sii eee 20.3 1.6 | 63 3.9 
Se peniceniieniantrcenst ss 8 Oeil 7.4 | 25.4 
SiOz pen cenibveica ec iets |p Das) |) ac) 64.2 | 28.2 | 2.3 
MeO sper cents «iat EE By sy | Hig) 4.3 | 18.4 Fe = 56 
INIA OR oles (eerliegees ae 6.5} 4.0] 4.9 stare i ales) 
MgO, per cent........ 0.5 0.9 
CaOuper cent 20. 2) 237) VLOvS 1.0)" 82 0.55] 21.7 
BaO, per cent......... 0.9 1.5 
bs per cent =o: mc. 3.9 0.7 | 11.4 15 
Cu pemcent..c6 «2.0. all DAO) Oil) #33583 
Ag, grams per metric 

OMBa aah Richassae  « 479 40 1890 

Sipe Centar tue. a. eee 78 80 


« Dust recharged, 70 tons; dust recovered, 70 tons. 


Because of its composition, the matte is a product of great interest 
to lead and copper works that can utilize all its elements; unfortunately 
these works are situated abroad and the cost of transportation from Viviez 
is high. 

Completer valorization at Viviez of the metals in the matte is con- 
templated through a chemical operation in a special plant which will 
begin operation next October, using the following method: 

1. An attack on the matte by the acid liquor of the electrolytic vats, 
containing 120 grams of free acid per liter, which will give a liquid con- 
taining iron sulphate and hydrogen sulphide. The iron sulphate will be 
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partly used to purify the electrolytic zinc solutions and partly sold as 
crystallized sulphate for agricultural use. 

2. The residue from this first treatment will be dried and heated, and 
dissolved in 50° Bé. sulphuric acid. A mixture of iron and copper 
sulphates containing the gold and silver will be obtained, and SO, gas 
which will enter into the sulphuric acid manufacture. 

From the solution, after the copper is removed, crystallized iron 
sulphate will be extracted. The copper sulphide, after roasting, dissolv- 
ing and crystallizing, will be transformed into marketable copper sulphate. 

3. The hydrogen sulphide produced in the first operation will be 
transformed into sulphur by catalytic oxidation in a special furnace. 


TREATING LEAD-FURNACE SLAGS 


The Baelen works, also belonging to the Société de la Vieille-Mon- 
tagne, have been supplied with three cupolas which, by treating lead- 
furnace slags, supply annually an amount of zine oxide sufficient to feed 
an electrolytic zinc works with an annual capacity of 6000 to 8000 tons. 

The material charged at Baelen is either in the form of lump slag, 
when it comes directly from the lead works, or in the form of granulated 
slag, large stocks of which have been accumulated during many years. 
In the latter case it is formed into briquettes with sulphuric acid as binder. 

Average results of running the Baelen cupolas are as follows: 

Materials Charged.—The lump slag corresponds approximately to the 
following analysis: Zn, 8.60 per cent; Pb, 2.25; Cu, 0.40; Ag, 35 grams 
per metric ton; SiOz, 34 per cent; FeO, 30; CaO, 11.50 per cent. 

‘The coke used contains: ash, +10 per cent; volatile matter, +9.25 per 
cent. As a sample, an average analysis of the coke ash is: SiOz, 63 per 
cent; Fe2O3, 12.50; Mn;Qu,, 0.25; AloOs, 18.50; CaO, 2.80; MgO, 1.50. 

The composition of the charge is: slag, 1000 tons (20 per cent bri- 
quettes and 80 per cent lump); coke, 449 tons; proportion of fixed carbon, ~ 
+25 per cent; amount of slag treated daily by the apparatus in normal 
operation, +190 tons. 

The products obtained, per ton of slag treated, are: oxides, 148 kg.; 
matte, 115 kg.; slag, 850 kg. Analyses of these products are given in 
Table 2. Approximate analysis of the gas is: CO, 26 to 29 per cent; 
He, 2 to 3; CHg, 0.2 to 0.6; COs, 4 to 6; calorific power of the gas, 930 cal. 
per cubic meter. 

Average recoveries (calculated on a period of six months) are: zine, 
approximately 90.5 per cent; lead, approximately 98; copper, 
approximately 95; silver, approximately 83 per cent; tin, undetermined. 

Total amount of gas produced per ton of slag is 1980 cu.m.; amount 
of gas available per ton of slag, after feeding the heaters, 1700 cu.m. 
Corresponding number of kilowatt-hours (per ton of slag) is 385; number 
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of kilowatt-hours necessary to deposit electrolytically the zinc contained 
in the oxide obtained by treating one ton of slag, 296. 

Utilization of Products Obtained.—The electrolytic works not being 
ready yet to operate, the oxides are sent to a zinc smelter, in spite of 
their large content of lead. 

The matte is sold or used at the Baelen lead works, with an enrich- 
ment in view which will permit recovery of the copper. 


TaBLE 2.—Approximate Analyses of Products 


ee ee es Tay edie In dd 

ee of ee ee ees Analysis of |Analysis of 
Oxides Rotary Furnace Matte Slag 

JABS A OS EOC ag Oe EAL eo ae 51.50 51.40 1.20 1.50 

EabwepOriCeNtgr).i121sstaenger sh jou ire aGes 16.00 15.80 2.902 0.60 

CHG [eon faye Oe eae oo aon 0.05 5.50 0.15 

TUS jaerereSiall ees SS oor ces 58 23.00 

Ag, grams per metric ton.......... 35 270° 

SitO\s. JOS e Cian mercer micpaih 6 ciseaoRED Ie 5.00 33.00 

ANG Ol perscem tien ...fetie sel eles ael 4.00 

Cznerscente fs. Gaior ee clAs ek le 3.50 

Spper cent.......... cc eo Ria ne eee 3.00 ae 2.40} 24 2.50 

sulphate 1.50 

DSIPEE COMG sae ope ele\clereres oslo ofr oes 0.03 

DEED ELICCD LE Sraren a) sels ciel si= ehsirh-s 0.01 

@Wa@Apericents geese SAE ee 15.00 


Ce ES ee ea Le 


@ By dry method. 


The number of kilowatt-hours that can be produced from the gas 
will be amply sufficient for the electrolysis of the oxides obtained at the 
outlet of the apparatus. The “cupola-power plant-electrolysis”” com- 
bination can thus constitute an independent cycle. But this gas, being 
a choice fuel, has been by preference reserved for the little, intermittently 
worked furnaces scattered through the rest of the works, and will con- 
tinue to be used in this way when electrolysis has commenced. Use of 
the gas in these furnaces has made it possible, in fact, to realize very 
interesting calorific efficiencies corresponding to considerable economies 
in the cost of heating. 

Up to the present, even at the lowest metal prices, the “‘cupola-power 
plant”? combination at Baelen has always shown a profit, thanks to 
the good working of the whole installation. 


TREATING STANNIFEROUS RESIDUES 


The Société Francaise des Métaux et Alliages Blancs has at its dis- 
posal a stock of residues from the passage of stanniferous material through 
a water-jacket lead furnace. 
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An ash-fusion producer is now being built at its Saint-Denis works 
with a view to a treatment of these residues, which will permit recovery 
of the tin and other metals that they contain. 

There the question is one of an apparatus with smaller dimensions than 
those described above. It is composed of a shell of special steel, circular 
in form, carrying at its base a series of six water-cooled bronze tuyeres. 

The gas emerging from the cupola will pass into an aerial cooler. 
Electrical dust removal in a Cottrell will be adopted here; the volatilized 
dust will settle on the bottom of the cooler and the Cottrell, from whence 
it will be collected. 

Materials Charged.—The slag occurs in the form of crushed lumps 
and corresponds approximately to the following analysis: Zn, 4 per cent; 
Pb, 1.8; Cu, 0.5; Sn, 2; SiO2, 20; Al,O3, 5; CaO, 5; Fe, 53. 

In the course of a test made with an apparatus of small size, charges 
composed about as follows were introduced into the apparatus: coke, 
30 per cent; slag, 55 per cent; gypsum, 15 per cent. An efficiency of 
volatilization of the tin of the order of 90 per cent was obtained. 

In the contemplated plant, the volatilized oxides, containing zinc, 
lead and tin, will be treated electrolytically with a view to recovering 
the tin. 

The slag will no doubt have a small content of zinc, lead and tin (con- 
tent of tin, about 0.30 per cent). 

As for the gas, a fraction of +15 per cent will be utilized in the cupola 
heaters, and the remainder for heating metallurgical furnaces. 

The apparatus of the Société Frangaise des Métaux et Alliages Blancs 
will not be put in operation until August or September. The present 
communication having been written in June, 1935, can therefore not 
contain precise data upon the results obtained. 


CONCLUSION 


In this communication we have set forth three applications, chosen 


as examples, of the ash-fusion producer for the treatment of the residues — 


from metallurgical works. 

What characterizes this process is its great flexibility, which makes it 
possible, especially by varying the blast temperature, to treat the most 
diverse materials. 

In the course of several years of operation, very heterogeneous residues 
from the electrolysis of zinc have been passed through the cupola at 
Viviez, for the ores treated are of great variety; their gangue, on the other 
hand, is often difficult to smelt. Nevertheless, the apparatus always 
functions excellently. At present metal prices, the value of the matte 
alone is greater than the cost of treating the residues. 

When it is a question of poorer metals, such as the lead slags of Baelen, 
it is necessary, in order for the cupola treatment to be profitable at present 


—— 
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low metal prices, to reduce the cost of labor as much as possible by using 
apparatus of great capacity. It is, in addition, indispensable to have, as 
at Baelen, good use for the gas. 

In conclusion, the use of the ash-fusion producer blown with air 
heated to a high temperature can render great service to a number of 
industries that seek to valorize residues which they have theretofore not 
been able to utilize. 

Det Norske Zinkkompani, Norwegian filial society of the Compagnie 
Royale Asturienne des Mines, has decided to adopt, at its plant! at 
Eitrheim, the ash-fusion gas producer for the treatment of residues 
from electrolysis of zinc. 


The Waelz Process 


By Wituiam E. Harris* 


Time and experience have demonstrated that by means of the Waelz 
process zinc, lead, cadmium, arsenic, antimony, bismuth and tin can be 
volatilized satisfactorily.- In this way difficult gold ores are being treated 
to allow for the recovery of the precious metal. Iron ore containing 
zinc is being treated to remove the zine and recover the iron. In Ger- 
many, thallium is being recovered in commercial quantities from the zine 
oxide fume; indium, germanium and gallium are also concentrated to a 
degree warranting recovery, even though these rare metals are only 
recognizable in the ore by means of the spectroscope. The physical, 
chemical or mineralogical condition of the raw material affects very little 
the applicability of the process. 

The name Waelz is derived from the German word Waelzen, meaning 
a ‘“‘trundling motion,” which very aptly describes the movement of the 
charge through the slowly rotating kiln. 

The recovery of zine and lead by volatilization in a rotary kiln has 
its origin in a process patented in 1910 by Edward Dedolph, of British 
Columbia. The Dedolph patent was taken over by the Metallgesell- 
schaft of Frankfurt-on-Main, Germany, which in cooperation with the 
Griesheim-Elektron, now a part of a large industrial combine, introduced 
certain improvements (Ohlmer, Specketer patents), but without bringing 
the process to a state suitable for large-scale operations. The war tem- 
porarily stopped all work on the process, and it was not until after the 
war that the Krupp Grusonwerk, of Magdeburg-Buckau, Germany, quite 
independently of the Metallgesellschaft, instituted research work in this | 
field of metallurgy, which in 1923 led to the Waelz process proper. The 
Krupp Grusonwerk and the Metallgesellschaft A.G. later on collaborated, 
and by their joint efforts further developed and perfected the Waelz 
process, which they are marketing together as ‘‘ Waelz-Gemeinschaft.”’ 

The process is capable of treating a varied type of material; for 
instance, oxidized and sulphide zine ores, calamine (zine carbonate ore) 
waste dumps, jig tailings, jig slimes, table concentrate slimes, brass ashes, 
zinc-bearing iron ores (where the iron sinter is the real objective and the 
zinc oxide a by-product), electrolytic-zinc leach residues, zinc mufile resi- 
dues and works sweepings, lead-furnace slags, tin ores and slags, anti- 

Manuscript received at the office of the Institute July 28, 1936. 


* Consulting Chemical and Metallurgical Engineer, Ottawa, Ont., Canada. 
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mony and arsenical gold ores (where, of course, the gold is the real 
objective). The process has also been applied in the treatment of 
complex ores containing zinc, copper, lead and precious metals. 


OPERATION AND APPARATUS 


The Waelz process is very simple and can be operated by unskilled 
labor, under supervision, as efficiently as the blast furnace. It has many 
aspects that should appeal to the metallurgist, especially the hydro- 
metallurgist. There is no necessity for controlling roasting conditions, as 
ferrites, ferrates, sweet roast and sulphate roast are all easily reduced in 
the kiln. If any roasting is required, it is merely to reduce sulphur to a 
limit that will allow for easy absorption or “locking up” in the charge; 
not to eliminate it altogether. The Waelz process can easily handle 
15 to 20 per cent sulphur without changing the usual procedure. Elec- 
trolytic leach residues need not be dried, for the process will treat slimes 
running 40 per cent moisture without any preliminary drying. The leach 
residue is simply mixed with the required quantity of coke and fed to 
the kiln. 

The plant consists of three divisions: (1) preparation and mixing of 
charge, (2) the kiln, (3) collection and disposal of products. 

The charge need not be finely ground (1g mesh is an ideal size), but 
fine concentrates, dust, slurries, can all be used without drying or sinter- 
ing. The ore and coke are carefully apportioned before being put into 
the mixer. The coke can be gas or metallurgical coke, breeze, anthracite 
dust, or even waste ashes containing coke. The quantity of coke varies 
according to the nature of the ore and of the coke itself. 

At some plants where calamine waste has been treated, the coke added 
has been as low as 10 to 12 per cent. At others, owing to low melting 
point or the difficultly reducible nature of the charge, as much as 30 per 
cent and in exceptional cases up to 40 per cent has been used. The 
quantity usually varies between 20 and 35 parts to every 100 parts of 
ore, the percentage of coke in the actual charge being in the neighborhood 
of 20 to 25 per cent. To give examples: With a raw material consisting 
of calamine slimes averaging 7.5 per cent Zn, 2 per cent Pb, 12.5 per 
cent Fe and 30 to 40 per cent moisture, the charge going to the kiln con- 
sisted of 76.25 per cent slimes and 23.75 per cent coke. On a roasted 
sulphide ore running 37.5 per cent Zn, 7.8 per cent Cu, 1.03 per cent Pb; 
24.1 per cent Fe, 5.5 per cent 8, the charge consisted of 75 per cent ore 
and 25 per cent coke. On a fusible lead-smelter slag running 20 per cent 
Zn, 1.5 per cent Pb, 1.5 per cent Cu, 7.0 per cent S, 36.0 per cent FeO, 
the charge consisted of between 72 to 75 per cent ore to 28 to 25 per cent 
coke, the kiln operating under “self-burning”’ conditions; that is to say, 
practically without the use of any auxiliary heating. The coke is given 
“dry as coke,” although often its moisture ran as high as 15 to 20 per cent 
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when added to the charge. Each ore must be studied separately and 
the charge arranged to meet its peculiarities. 

The apportioning of ore and coke for the charge is done by any of the 
ordinary weighing devices, though in larger installations automatic 
weighers are used, of course. The weighed quantities are fed into a 
mixing unit. No special machinery is specified; sometimes a Chilean 
mill is used, sometimes an ordinary cement mixer. All that is necessary 
is to see that the charge is thoroughly mixed, as an intimate mixing of the 
charge leads to much better elimination of the volatilizable metals. 

The mixed charge is conveyed to the kiln feeder by a mechanical 
conveyor, usually a belt conveyor. The charging of the kiln calls-for 
no special machinery. Experience has led the engineers to revert to the 


Fig. 1.—Wab8Lz KILNS AT BEUTHEN, GERMANY. 


simple inclined chutes, for though these cut down the effective area of 
the kiln at the feed end, at the same time they cut out much of the | 
unnecessary air admitted by chargers of the shaking and revolving type. 
One plant had the feeding device built into the walls of the kiln, so that 
the charge was fed into a spiral and thence into the kiln, which obviated 
the backward building up of the charge and cut down the air admission, 
but the cost of the system outweighed the advantages, especially as the 
simple chutes are satisfactory. 

The kiln consists of a long, horizontally inclined cylinder (Fig. 1) 
made of a steel plate outer shell lined with firebrick. The slope varies 
from 1 to 6 per cent of the kiln length; the usual variation is between 2 
and 4 per cent. Kilns vary in size from 40 ft. long and 6 ft. in diam- 
eter to 160 ft. long and 12 ft. in diameter. 

The kilns usually are supported on bearings (Fig. 2) running on 
rollers, and are driven direct or by belt drive through a large toothed 
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wheel that forms a part of the kiln shell. The belt drive is the better 
because it tends to take up unequal strains caused by the shifting of the 
center of gravity of the kiln and charge due to the formation of accretions 
inside the kiln. Variable-speed direct-current motors are used to drive 


Fic. 2.—SuproRTING BEARINGS UNDER WAELZ KILNS AT BRZEZINY, POLAND. 


the kilns, while alternating current is used for all other purposes. If the 
current fails, the kiln can be rotated by hand, to prevent any possible 
damage to lining or shell by the hot, stationary charge. 


Fic. 3.—OBSERVATION PLATFORM, WITH PIPE FOR AUXILIARY FIRING OF COAL DUST, 
BREZEZINY, POLAND. 


An observation platform (Fig. 3) is built at the discharge end of the 
kiln. The various control instruments are situated on this platform and 
the auxilary heating unit is fitted to and operated from it. 

The gas flow (between 35 and 50 cu. ft. per second) is controlled by a 
fan situated beyond the fume-collecting plant, so that the whole system is 
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under an induced draft. The temperature of the kiln is difficult to 


measure. By means of optical pyrometers, temperatures of 1120° to 
1200° C. have been recorded in the kiln. The exit gases vary between 
500° and 600° C., a great deal of the heat being absorbed by the incoming 
charge and in evaporating moisture. 

The clinker from the kiln falls either into a dump car (Fig. 4) or onto a 
traveling belt, which conveys it to a dump car. 

On a large kiln from two to six men per shift are employed. Power 
consumption does not exceed 25 to 30 hp. per kiln for the largest kilns. 

The gases, fume and dust leave the kiln from the upper (feed) end and 
pass through a series of settlers and cyclone collectors where the dust 
is removed. The type of settler varies considerably. As the dust par- 
ticles are so much heavier than the zine fume a simple settling arrange- 
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Fia. 4—Dump CAR AT DISCHARGE CHUTE, LA CALAMINE, BELGIUM. 


ment is efficient. At some plants it is merely a series of V’s in a long 
pipe line, the heavier dust collecting at the bottom of the V’s, where 
arrangements are made for its removal and return to the mixing house. 


The actual dust losses are negligible, as the dust collected, amounting to 


about 3 to 4 per cent of the charge, is returned to the mixer and reincluded 
in the charge. 

In some kilns the cross section has been cut down by the insertion of 
metals “ribs” to impede and choke down the draft. In all plants where 
these have been installed there has been a marked decrease in the flue dust 
and a corresponding increase in the zinc content of the recovered oxide. 


At another plant enlarging the diameter of the kiln at the charging — 


end, by thinning down the brickwork, brought about a better preheating 
of the ore, owing, no doubt, to the decreased velocity of the exit gases, 
which also lessened dust formation. 

The fume and combustion gases, if not sufficiently cooled in their 
passage through the settling plant, are cooled in pipes (Fig. 5) sprayed 
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with water, to about 200° C., and then passed on to either baghouse or 
electrical precipitator of the Cottrell type. 
Reactions Inside the Kiln 


The charge, which takes about 2 hr. to pass through the kiln, meets 
the hot gases flowing in the opposite direction. The moisture is evapo- 


Fig. 5.—CooninG PIPES FOR ZINC OXIDE panne BaGHOUSE e iene! Sea 
POLAND. 

rated, the charge absorbs heat, so that it reaches the temperature required 

for the reduction of the zinc oxide in less than one-fifth of the length of 

the kiln. This absorption of heat is greatly facilitated by the constantly 
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Fig. 6.—VOLATILIZATION OF ZINC IN THE WAELZ PROCESS. 


changing surface of the tumbling charge, and to a small extent by the 
radiation from the kiln lining. The reduction and volatilization occur 
uniformly over 80 per cent of the length of the kiln; depending, of course, 
on the speed of rotation and quantity of material charged (Fig. 6). 
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The reduction, volatilization and reoxidation of the zine proceeds 
along the following lines: 


ZnO + C = CO + Zn (vapor) [1] 
Zn (vapor) + CO + O2 = ZnO + COz [2] 


By combining equations 1 and 2 there will result as the total of the reac- 
tions taking place at any one particular section of the kiln, inside and 
outside the charge, the simple exothermic burning of the carbon, equation 
3; the carbon of the charge being burnt to CO: with the greatest possible 
evolution of heat. The reduction of the zinc in the charge being endo- 
thermic, and the oxidation of the zinc vapor just above the charge being 
exothermic, there is a balanced heat reaction over the entire reduction 
zone of the kiln. The chemical action itself does not require surplus fuel 
for its maintenance; any surplus fuel added is used only to maintain the 
temperature of the kiln against losses in flue gases and kiln radiation. 

In treating a sulphide material such as a blende, the Waelz operation 
is simplified if the ore is subjected to a preliminary roasting to reduce the 
sulphur to about 10 per cent. It is not absolutely necessary but it helpsin 
many ways, particularly because a high sulphur content in the charge 
leads to slagging and the production of a matte that has a low melting 
point. The desulphurizing can be carried out in any form of roaster. 
Recent developments have made it possible to use a circular type of 
Dwight-Lloyd machine. This machine has proved very efficient, is 
cheaper to build and operate, and obviates a great deal of dusting so com- 
mon to most roasting furnaces, especially those of the multihearth 
mechanical type. 

If for any reason a straight sulphide must be treated without a 
preliminary roast, crushed limestone or lime is added to the charge to 
“fix”? the sulphur, the reaction being: 


ZnS + CaO + C = Zn (vapor) + CaS + CO 
Zn (vapor) + CO + O2 = ZnO + CO, 


The conditions are the same as those given for the treatment of an 
oxidized material. The reactions develop the same amount of heat. 

Materials containing up to 20 per cent sulphur can be treated without 
preliminary roasting. Naturally, the question of the presence of SO, 
in the flue gases is an important one, but should any SO, be liberated, it 
would be immediately oxidized to SO3, which in turn would attack the 
metallic oxides present and form sulphates. The highest SO. ever 
recorded as found in flue gases in a Waelz kiln ran 0.01 per cent. The 
sulphates in the Waelz oxides always run under 1.5 per cent. 
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The successful operation of the Waelz process largely depends on 
keeping the charge “dry’”—that is, metallurgically dry; free from 
slagging. It also lies in the fact that the reducing action is carried on for 
a comparatively long period. The maximum temperature is limited by 
the softening point of the charge, which for ores of the nature usually 
treated by the process is only a little above the temperature required for 
the reduction and volatilization. Assoon as the charge slags and becomes 
fluid, the fuel separates out and reduction stops. The factor influencing 
the completeness of the reaction is the length of time it lasts. As pre- 
viously stated, the reduction zone of the Waelz kiln is about 80 per cent 
of its length, which, coupled with the fact that the charge takes about 
2 hr. to pass through the kiln, accounts for the very high efficiency of the 
process. This also explains why the volatilization attempted by Dedolph 
under his patent was not crowned with success, for he charged the ore 
and fuel into the kiln and subjected them to direct heating by means of a 
flame in order to smelt the charge. He did not realize that by making the 
charge fluid he defeated his object, in that the reducing agent, the coke 
and coal, had a tendency to float on the molten charge and thereby 
cut short the time of reaction, which must of necessity therefore have 
been incomplete. 

The reactions may easily be observed in the kiln. In the zone of 
volatilization, small flames, colored with the peculiar bluish green of burn- 
ing zinc, appear immediately above the charge, the bulk of the kiln being 
filled with an incandescence that dazzles theeyes. Itisaninteresting, and 
to the uninitiated an awe-inspiring sight, to look into the kiln and observe 
the movement of the charge. Here, for instance, is a large lump, heated 
and highly colored almost to incandescence. It slowly climbs the side of 
the kiln until its weight overcomes the pull of rotation; then it falls, scatter- 
ing sparks, to again climb the side. Each time it falls, it falls nearer the 
discharge, until at last it topples over a ridge of cooled charge that forms 
at the discharge end of the kiln, out onto the clinker conveyor, which 
carries it through water for cooling and so to a dump car. The reactions 
are considerable, for the heated mass on being submerged creates volumes 
of steam, and also brings about many violent chemical changes that 
release inflammable gases, which ignite with sharp cracklings and small 
detonations as they bubble to the surface. As you look into the kiln 
you can see the “fume” being formed and drawn away by the flow of 
gases, the reaction lessening as the discharge end is approached, the 
bluish green flames being at last replaced by the yellowish one of burning 
fuel. This yellow flame is a good indication of the completion of the 
volatilization of the zinc. 

Therefore, the essential feature of the process lies in the fact that the 
reducing and oxidizing zones do not follow each other but are actually 
superimposed over the whole length of the reaction zone, from which it 
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follows that the amount of heat consumed by the chemical reactions 
taking place at any particular portion of the kiln is balanced by the heat 
developed by the formation of the oxide, so that the heat losses in the 
waste gases, radiation and the like, must be balanced by the coke or coal 
added to the charge. The main heat losses are in the waste gases. These 
gases have an average composition of from 0 to 1 per cent O, 0 to 2 per cent 
CO, 18 to 28 per cent COz, the latter depending upon the quantity of 
carbonates in the charge. The solid content of the gases going from 
the Waelz kiln varies considerably according to the nature and fineness 
of the material to be treated. On one kiln where measurements were 
made over an extended period, it was found that the gases leaving the 
kiln carried 1 to 3 grams per cubic foot (at standard conditions; i.e., 0° C). 
Some plants have installed waste-heat boilers to utilize the heat in these 
gases. The steam so generated is sold to other departments of the works 
and the money is credited to the Waelz plant, materially reducing the 
charges against it. 

Practical experience has shown that the heat developed by the reac- 
tions inside the kiln are sufficient to maintain the temperature required 
for the reduction of the zinc; in fact, the heat developed is often greater 
than is required, and to maintain a balance it is necessary to introduce 
cold air until the desired conditions are obtained. On the other hand, 
there may be a cooling off, especially at the discharge end, which is open 
to the air, where the inflowing cold air takes up a large proportion of the 
heat of that part of the kiln. This loss is made up whenever necessary 
by blowing in through suitable burners either powdered fuel or oil, or a 
mixture of the two, until the required temperature is reached and main- 
tained. This auxilary heating is intermittent and often it is not used for 
long periods of time. Experience has also shown that this cooling of the 
discharge end does not materially affect the actual reduction zone, as the 
flame only preheats the incoming air and in this way helps to maintain 
the kiln temperature. 

Accretions form one of the difficulties in the operation of a Waelz kiln, — 
their formation and elimination being a matter of serious moment and 
study for the Waelz engineer. A basic ore favors ring formation, espe- 
cially if it runs high in iron. An acid ore favors slagging, and the half- 
liquid method of operation. Accretions can be just small lumps clinging 
to the side of the kiln, or huge rings, which so reduce the diameter of the 
kiln as seriously to impede the movement of the charge. The main cause 
of accretions is unequal temperatures between the kiln lining and charge; 
a cold lining and hot charge, or a hot lining and a cold charge, are favor- 
able to ring formation; the more nearly equal the temperatures of lining 
and charge, the less likelihood there is of ring formation. This condition 
could be more easily maintained by preheating the charge in a separate 
furnace, but experience has shown that the ring formations can in a large 
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measure be controlled in the kiln itself, by intelligent operation of the 
mixing of the charge, rotation of kiln and rate of feed. 

The operation of Waelz kilns over several years has proved that the 
best way to remove ring formations is either to vary draft conditions, 
or the rate of rotation of the kiln, whereby the zone of reaction can be 
moved either in front or behind the ring, promoting a loosening of the ring 
structure and causing it to collapse, or by adding additional coke, which 
tends to superheat the rings and so cause them to fall apart. 

A ring formed near the discharge end can easily be broken up by means 
of a small flame, or by increasing the temperature of the kiln so that the 
slag holding it to the lining is softened and the ring can be pushed out 
either by hand or by the pressure of the charge. Incidentally, it should in 
fairness be stated that with the practical knowledge that comes with 
years of experience, “ring formation” does not bother the Waelz engineer 
nowadays as much as formerly it did. 

The speed of rotation and the inclination of the kiln plays an impor- 
tant part in the control of its operation. The average rotation is one 
revolution in 55 sec. In some plants, to increase the throughput the 
speed of rotation was boosted up to one revolution in 30 or 40 sec. The 
charge, of course, moves forward at a greater speed and spreads itself 
in a thinner layer, causing a quick rise in temperature, due to the rapid 
increase in the rate of volatilization. This higher temperature leads to 
the formation of rings and for this reason the rotation was reduced back 
to the one revolution per minute. On the other hand, one plant reduced 
its speed to one revolution in 120 sec., which brought about a much 
greater depth of charge and slowing off of the volatilization, so that a 
great increase in the quantity of fuel was required to keep up the 
kiln temperature. 

In designing a plant, due consideration must be given to the nature 
of the charge, for when the charge has a low melting point and can be 
easily slagged it is better to work with a low inclination, 2 per cent instead 
of 4 per cent. The charge does not move forward so fast and builds up 
a greater depth of charge. If with the lower slope the speed is increased 
to 40 sec. per revolution, practically ideal conditions have been created, 
in that depth of charge is caused by the low inclination and a greater 
turnover, mixing and change of surface by the increased speed, which 
tends to keep the temperatures within slagging limits yet at the same 
time gives the conditions required for volatilization. 

It has already been stated that the object of the Waelz process is to 
drive off zinc, lead and other volatilizable metals and to concentrate 
them in a “fume.” The composition of this fume varies with the mate- 
rials being treated. A few examples are given in Table 1. 

Generally speaking, the fume is not suitable for any other purpose 
than the recovery of the metals contained therein, though the oxide 


a2 THE WAELZ PROCESS 


recovered from old muffle residues found a market with paint manufac- 
turers for making up a light gray paint. Some firms manufacture a paint 
from the recovered oxide for use inside the works for protective purposes, 
where matched shades of color are not important. Paint made from 
these oxides has good covering power and is durable. 

The behavior of silver is interesting. Under certain conditions, small 
amounts up to 20 per cent of the silver contained in the ore can be vola- 
tilized with the zinc and lead, but this silver cannot be revolatilized from 
the fume. 


TaBLE 1.—Composition of Some Fumes 


From Zine Lead Tin Copper 
Leadjamelterslags aes. sqaiducl ctaaeiepeeie o ootae 66.5 6.5 
Old 'muffleiresiduesanancncse > acted de ee 58.8 9.2 
Roastedtblend 6 starr ces. at axe oxo el roe 60.8 14.5 
Deadrashes streets aercs oh, ocuclee ss see ee eee 44.75 20.6 
Brass ashes and -dross- ewes ets ae oe ener 63.93 11.56 
ZINC=COPPELiOreris. es Sees Seine cee aero eit 75.03 On7 0.21 


For transportation, the fume, a very fluffy, bulky material, must be 
sintered. From 1 to 10 per cent of coke is added to the fume and the 
mixed charge is passed through a smaller Waelz kiln. Here any lead 
present is revolatilized. The addition of a small quantity of common 
salt or ammonium chloride insures the complete elimination of the lead. 
Oxides carrying 15 per cent lead have been completely deleaded in this 
way. Further, this sintering drives off any chlorides and breaks up 
sulphites or sulphates in the oxide, and makes the sintered material 
suitable for treatment in the electrolytic zinc leaching plants. 

The sintered fume consists of varying sized aggregates, from dust to 
large lumps, which are very hard and can be transported in bulk without 
any untoward losses due to dusting, etc. This material is suitable for . 
any form of processing to recover the zinc. 

The kiln residue, or clinker, becomes an important item when ores 
that contain nonvolatilizable metals of commercial value are treated, 
otherwise it simply goes to the dump, though use has been made of it 
as road material when worked up with tar or asphalt. 


MANSFELD WoRKS 


The Mansfeld works has for several hundreds of years been one of 
the leading smelters in Germany for the production of copper and silver. 
The ore, a copper shale, carries less than 1 per cent of zinc and less than 
0.5 per cent of lead. In 1924 soft lead was added to the list of metals 
produced and as an outcome of this in 1928 zinc oxide was being manu- 
factured by means of the Waelz process. As it is the latter process that 
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constitutes our main interest, we will confine ourselves to the stage of 
Mansfeld operations that led to the Waelz processing of the various slags 
and residues. 

There are two smelters, Krug and Kock, both of which drive off zinc 
and lead in smelting the ore for the production of copper, mainly in the 
form of oxide but containing some sulphides. These oxides and sulphides 
are collected, by various standard methods, in the form of wet slimes 
having the average composition shown in Table 2. 


TaBLE 2.—Average Composition of Oxides and Sulphides 


Krug Kock 
Smelter Smelter 
Quantity per month (dry), short tons..................--. 660 1320 
IL@Hel, Peels oOo o oat on ms semonM@e Camas aanoe sks On ane 27 als 
TRING TaD CON gancao ee CARED o abooaooc~n tOOoe oe aoe 21 26 
KOSICE, DOL COL bi ccontereedie= os  trvewanintoweteratel s,s din aS bes 3s 0.8 0.8 
SHINE, JOSE uns coscemono ne og obo cugd aco dnedooln Sucre 0.2 0.08 
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To avoid slagging off the zinc in recovering the lead in a blast furnace, 
the Kock smelter treats its flue dust in a Waelz kiln to drive off lead only, 
leaving behind a zinc clinker. This is accomplished by adding to the 
flue dust some 10 to 15 per cent of coarsely ground raw lime and passing 
the mixture through a Waelz kiln heated with pulverized lignite. No 
other fuel is added. The lime helps to keep down the temperature and 
at the same time breaks up the charge. The greater part of the lead is 
fumed off as a sulphide, which in turn is roasted and oxidized in the hot 
gas current, being collected as an oxide by means of electrical precipita- 
tion. The analysis of the lead fume and zinc clinker recovered is given 
in Table 3. 


Tape 3.—Analysis of Fume and Clinker at Kock Smelter 


Lead Fume, | Zinc Clinker, 
Per Cent Per Cent 
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The lead fume is mixed with the flue dust from the Krug smelter and 
the mixture is sintered and treated in a lead-reduction furnace for the 
recovery of the lead and silver. The slag, which is granulated by water, 
has the following average composition: Zn, 20 per cent; SiOz, 17; FeO, 36; 
Al.O3, 3; Pb, 1.5; Cu, 1.5; CaO, 5.0; 8, 7.0. This slag, mixed with coke 
and the deleaded zinc clinker from the Kock smelter, is passed through a 
second Waelz kiln, where the zinc is recovered as an oxide having an 
average composition of Zn 71.5 per cent, Pb 5.6. The clinker, having an 
average composition of Zn 2.5 per cent, Ag 0.052, Cu 0.86, is returned 
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Fic. 7.—FLOWSHEET OF THE MANSFELD WORKS. 


ZINC OXIDE 


to the copper smelter for inclusion in the smelting charge. The flow- 
sheet for this procedure is given in Fig. 7. ; 

The lead smelter produces roughly some 19,800 short tons of slag 
per year; it has a slag dump formed of the accumulation of years, from 
which is worked an amount equal to that of the granulated slag, so that 
the charge going to the Waelz kiln carries about equal proportions of the 
two slags. 

The Mansfeld Waelz plant consists of one small kiln some 66 ft. by 
4 ft. effective diameter, and two larger kilns 100 ft. by 514 ft. effective 
diameter. ‘These kilns are constructed of steel plate and lined with fire- 
brick and magnesite brick. They are supported onthreebearings. Each 
kiln is motor-driven by direct gearing and a toothed rim, which is a part 
of the outer shell and is placed about halfway along its length. The kilns 
may be rotated by hand, to protect them from undue strains set up by the 
hot stationary charge. 


WILLIAM E. HARRIS 715 


Direct current is used on the kilns and fans to allow for speed control. 
The rotation of the kiln can be varied from one revolution in 36 sec. to 
one revolution in 70 sec. but the running average is one revolution in 
55 seconds. 

The charge to the second Waelz kiln consists of zine clinker from the 
first kiln, granulated slag from the lead smelter, and coke, plus an equal 
amount of slag from dump, which is not shown on the flowsheet. These 
materials are carefully weighed, mixed and fed to the kiln by Marcus 
conveyors through water-cooled chutes. These chutes use some 875 gal. 
of water per hour for cooling purposes, and to facilitate the movement of 
the charge they receive some 90 impulses per minute by means of a 
mechanical tapper. All mechanical operations other than the kilns 
and fans are operated on alternating current. Actually, the Waelz 
plant, including all incidental machines, consumes some 18 kw-hr. of 
three-phase alternating current and 12 kw-hr. of direct current per ton 
of slag treated. 

It is worth noting that the charge contains a fusible slag with a melting 
point below 1100° C. It has been the custom to add lime as a stiffener 
for the charge, but it was found that an excess of coke permitted elimina- 
tion of the lime and an increase in throughput. The quantity of coke 
used in making up the charge varies according to the quality, from 25 to 
28 per cent. 

The kilns have a capacity of 55 tons of slag per 24 hr. In operation 
the kilns are first fired by means of powdered coal or oil until the required 
temperature for the reducing reactions is reached, after which the heat 
of these reactions is sufficient to maintain the required operating tem- 
perature, so that only occasional heat from auxiliary source is necessary. 
Actually the cost of this auxiliary firing is below 6¢ per ton. 


CoNCENTRATION 


Table 4 shows the results of selective flotation of a complex zinc- 
copper ore. 


TasLe 4.—Results of Flotation of Complex Zinc-copper Ore 


Copper Concentrate, Zinc Concentrate, 
Per Cent Per Cent 
Ore 
Metal Recovery Metal Recovery 

pee eee ee 
Quantity, 100............2 eer e eee ees 9.9 
Copper, 2.50 per cent.........-s-eesseeeees 23.4 93.9 0.48 5.0 
Zinc, 15.30 per cent........-. 60 reece en ens 9.25 5.9 55.25 | 91.7 
Gold, oz. per ton, 0.025....... 0 ssesssseee: 0.14 | 54.4 0.02 | 20.3 
Silver, oz. per ton, 3.42........  --.+-+eeee: 33.46 | 71.3 2.98 16.6 
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In marketing these concentrates the usual schedules show payment 
for the copper and precious metals in the copper concentrate, but demand 
a penalty of 25¢ per unit for all zinc over 5 per cent. There are other 
penalties as well, which greatly reduce the value of the concentrate. In 
the zine concentrate only the zinc is paid for, so that the mine eventually 
is paid for 93.9 per cent of the copper, 91.7 per cent of the zinc, 54.4 per 
cent of the gold and 71.3 per cent of the silver in the ore, less the smelter 
deductions and penalties, so that the loss in precious metals alone con- 
stitutes a serious problem. 


TaBLeE 5.—Mizxed Concentrates 


Ore Ber Cent 
Quantity, LOO. jc ec crecsieghveus cfene. 2 isa 8, oye: sicauel gts ot eae Ra ee CR aol ae rete 35.8 
Coppers per cents) 628. Pe ccc cles a. =o sco er oks itera stekolee ote o setae ele ceed 98.9 
Zine; percent), 39:8... <siye sles sos. oe ana «8 ee dee 97.6 
Goldoz:.perstony.0:053:4 cia. SES. See See er elena ee ee eee 74.6 
Silversioz., perton 1.5 or /or eccnsre ania en ocean as oe 87.9 


If the two concentrates are mixed together the percentage of metals 
available for payment is considerably increased (Table 5) but only the 
Waelz process could economically treat such a mixed concentrate. If, 
then, in an effort to save the precious metals, it is decided to mix the 
concentrates, it would be better to just drop the gangue and beneficiate 
the ore; in other words, make a “‘bulk float”? (Table 6). These figures 


TaBLE 6.—Bulk Float 


Concentrates Recovery, Per Cent 
Quantity, “LOOK sce ki ele laces See ee eae 45.3 
Copper iper cent, 2.92 so. s5 os winier vege neiiiere ate 6.28 97.5 
ZING POrcent,wLs.AOln . aunta dite co ee ee eae. ee 27.50 98.7 
Goldozsperston tO;0Zbetae aie Coe oe ae eee 0.06 83.5 
Silver,vo27perstons 4:35 6 iiod cn ae ee eee 10.50 94.4 


show a greatly increased recovery of precious metals. The important 
consideration here is to strike such a balance as to give a copper content 
to the concentrate that will make the recovery of this copper from the 
Waelz clinker worth while, and at the same time keep the zinc down to 
workable limits, for it must be pointed out that the Waelz process was 
primarily designed to treat low-grade material. The process therefore 
demonstrates its elastic applicability when it can treat a 30 per cent zinc 
concentrate with results as good as when it treats the simpler low- 
grade material. 


Fig. 8 is a flowsheet for the treatment of a complex zinc-copper ore. 
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In the treatment of the bulk concentrate given in Table 6 the analysis 
of the roasted material ran: Cu, 8.00 per cent; Zn, 37.45; Pb, 0.78; Fe, 
24.25; S, 4.60; insol., 2.50; Ag, 14.00 oz. per ton; Au, 0.116 oz. per ton. 
This was mixed with the usual amount of coke, about 24 per cent of the 
charge, and passed through the Waelz kiln, and 97.5 per cent of the zinc 
was recovered as an oxide running 73.05 per cent zinc. The clinker, with 
a composition of 13 per cent Cu, 20.8 oz. Ag, and 0.169 oz. Au, shows a 
recovery of 97.5 per cent of the copper and gold, with 96 per cent of 
the silver. 


OTHER ORES 


In a large plant in Germany lead is volatilized as a sulphide from a 
lead ore having a high silica content. The run-of-mine ore, which con- 
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Fic. 8.—FLOWSHEET FOR TREATMENT OF COMPLEX ZINC-COPPER ORE. 


COPPER-SILVER CLINKER 


tains between 1 to 5 per cent Pb, is concentrated by wet concentration 
and gives a middling product assaying 12 to 15 per cent Pb. These jig 
middlings are then treated by the Waelz process and the resulting lead 
fume (99 per cent recovery) is added to the charge of the usual smelt- 
ing operations. 

A plant at Sturzelburg, Germany (Fig. 9) treats purple iron ore, 
volatilizing off the zinc and leaving an iron clinker for smelting. 

The recovery of tin is another interesting application of the Waelz 


process. Tin can be volatilized as a sulphide with a high degree of 
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efficiency. The tin ore is mixed with pyrite, gypsum or other sulphur- 
bearing materials and fed to a Waelz kiln. During the reaction in the 
kiln the tin oxide is converted into tin sulphide and in this form is easily 
fumed off. This tin sulphide is reconverted into oxide by the hot flue 
gases and is precipitated out from them in that form. The residue 
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Fic. 9.—WAELZ PLANT AT STURZELBURG FOR TREATING PURPLE IRON ORE. 


discharged from the kiln averages, as a rule, 0.1 to 0.2 per cent Sn, which 
corresponds, according to the content of the ore, to a 95 to 99 per cent 
recovery. This method of recovery of tin is in operation on a large 
scale in Germany. 

Very low-grade tin ores, by a combination of concentration and the 
Waelz process, have been made to yield up to 99 per cent of the tin as tin 
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Fic. 10.—D&vVELOPMENT IN USE OF THE WAELZ PROCESS. 


oxide. Any arsenic, antimony, lead, or sulphur can be eliminated from 
the recovered tin oxide by subjecting it to a sintering treatment through 
a secondary kiln. 

In the treatment of arsenic-antimony gold-bearing ores or concen- 
trates, the Waelz process offers a simple yet efficient method of separation. 
In one plant flotation concentrates were obtained having the following 


WILLIAM E. HARRIS 719 


composition: Sb, 20 to 40 per cent; As, 8 to 13 per cent; 8, 18 to 23 per cent 
and Au, 6 to 614 oz. per ton. Cyaniding was out of the question; experi- 
mental work on ordinary roasting did not bring about the desired results; 
but by means of the Waelz process a clinker is produced that contained 
only 2 per cent of arsenic-antimony combined with the gold concentrated 
to 15 to 16 oz. per ton. This clinker is mixed with old lead and litharge 
and smelted in a shaft furnace, the recovered gold-bearing lead being 
treated and refined on a cupeling hearth and giving a gold recovery 
averaging 98 per cent. As the litharge produced is passed back to the 
furnace operations, the loss in lead is exceedingly small, making the whole 


operation economical and efficient. 


TasLe 7.—Waelz Kilns in Operation 


18 ‘i ieee F Year 3 
ocation atl Size Built Material Treated 
Luenen, Germany........ 1 |130'0” by 6/6’| 1925 | Brass ashes, zinc ores. 
Lipmy, Poland... <.....+ 1 78'0” by 6/0’ 1925 | Blende slimes. 
Beuthen, Germany......- 1 98'0” by 6/0} 1926 | Calamine tailings. 

1_4130'0’ by- 7/0”). 1927 
Brzeziny, Poland......... 5 |130/0” by 10’9”| 1928 | Calamine ores and tail- 

ings. 

1 | 980’ by 6'6”| 1926 | Sintering oxide. 
Mansfeld, Germany....... 1 66/0” by 5/4”| 1925 | Sintering. 

2 | 98/0” by 6/6|1927—-28} Zinc-lead fume and slags. 
Mechernich, Germany....| 1  |180’0’’ by 6/6”| 1927 | Jig middlings. 

1 |130’/0” by 9/0”| 1929 | Jig middlings. 

1 |130'0” by 9/0’| 1936 | Jig middlings. 
Beuthen, Germany....... 2 |130/0” by 7/4”| 1927 | Blende, calamine slimes. 

1 | 42’6’ by 4/3’) 1927 | Sintering. 
Brzosowice, Poland....... 1 |130’0” by 6’6”| 1927 | Calamine slimes. 

1 |130’0” by 10’0”| 1935 | Calamine slimes. 

1 | 42’6’ by 4/3”) 1929 | Sintering. 
Thasos, Greece......-.--- 5 | 42/6’ by 4/0”| 1927 | Calamine tailings. 
Denora, Pa., U. 8. A.....- 1 |137'9” by 10/0’) 1928 | Muffle residues. 
Sturzelburg, Germany..... 1 11300" by 7/6’) 1928 Zinc-bearing purple ores. 
La Calamine, Belgium....| 1 130’0” by 7’4’| 1929 | Calamine slimes. 
Duisburg, Germany......-. i 656" by 4/6”) 1929 ; Tin ores and slags. 
Palmerton, Pa., U.S. A...| 1 138’0” by 10/0’) 1929 | Zinc ores, residues. 

1 |160'0” by 11/3”) 1930 | Zinc ores, residues. 
Iglesias, Sardinia, Tally...) 1: 1379" by 11/0’) 1980 Middlings, concentrates. 

1 | 65/0’ by 7'0’| 1930 | Sintering. 
Tindale, England........-. 1 | 98/0” by 7'6”| 1930 | Muffle residues. 
Fukushisuaken, Japan....| 1 98/0” by 6/6’) 1930 Electrolytic zinc leach 

residues. 

La Salle, Ill., U.S. A....- 1 |125’0” by 10/0”| 1932 | Muffle residues. 
Nordenham, Germany....| 1 72'0"’ by 6/0”| 1934 | Muffle residues. 
Danville, Ill., U. 8. A..... 1 |125/0” by 8/0”) 1936 Muffle residues. 
Cherryvale, Kans., U.S. A. 1 1936 | Residues 
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PLANTS IN OPERATION 


In the course of 12 or 15 years, eight plants have been built in Ger- 
many, three in Poland, five in the United States of America, and one each 
in England, Italy, Japan, Greece and Belgium; altogether 41 kilns having 
a total capacity of about one and one-half million tons and producing over 
200,000 tons of zinc oxide and 25,000 tons of lead oxide per annum. 
Fig. 10 shows graphically the development of the use of the process 
and Table 7 lists the Waelz kilns that have been built with their sizes, 
location and material being treated. 


Slag Treatment for the Recovery of Lead and Zinc at 
Trail, British Columbia 


By R. R. McNavueutTon* 


Tus Consolidated Mining and Smelting Company of Canada, Ltd. 
at Trail, B. C., inaugurated a comprehensive program of investiga- 
tion about 15 years ago to develop the most economical process of 
recovering the metal in the large accumulated stock of by-products of the 
lead smelter and the zinc plant. Two principal methods of recovery 
were followed to a successful conclusion—an electrothermic process to 
treat zinc-plant residues and cold slag and the fuming of hot slag from 
the lead blast furnaces. The latter was selected because it showed a 
saving over the former in its ability to handle hot blast-furnace slag, thus 
obviating the necessity of granulating, handling and eventually remelting 
the same slag for the electrothermic process. 

The design of a fuming plant was commenced in 1928, and con- 
struction, which was started immediately, was completed in July 1930. 
Operating intermittently for a general tuning up, the plant was officially 
blown in for regular operation in August. During this month the vagaries 
of a slag-fuming plant were studied and an operating crew was trained. 
A history of slag fuming at Trail and the development of plant design 
is given in a paper by G. E. Murray in the Transactions of the Canadian 
Institute of Mining and Metallurgy for 1933. 


FuMING PLANT 


The fuming plant at Trail (Fig. 1) is a separate unit although of neces- 
sity interlocked closely with the lead smelter. The plant consists essen- 
tially of a fuming furnace with its accessories, a waste-heat boiler followed 
by an economizer, and a suction-type baghouse. The plant was built 
as the first of two 400-ton units with the intention of adding the second 
unit within a year, so that flues, fans and buildings were built to handle 
double the original load. 

Furnace.—The furnace as originally built (Fig. 2) was of water-jacket 
construction, 10 ft. wide, 20 ft. long and 6 to 10 ft. high. The roof height 
was made variable to check experimental work, which had indicated that 
this dimension affected the rate of reduction. Coal and air were supplied 


Manuscript received at the office of the Institute July 20, 1936. 
* Assistant Smelter Superintendent, Consolidated Mining and Smelting Company 
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through 35 double-inlet tuyeres on each side of the furnace. These 
tuyeres are the invention of Alexander Laist, of Anaconda. Coal feeders, 


Fic. 1.—SLAG-FUMING PLANT, CONSOLIDATED MINING AND SMELTING COMPANY OF 
Canapa, Lrp., Train, B. C. 


1. Furnace and boiler building. 4. Baghouse. 
2. Lead-furnace stack. 5. Baghouse stack. 
3. Economizer. 6. Dwight-Lloyd stack. 


five for each side of the furnace, were of screw type, 3154¢-in. dia. by 
114-in. pitch, each driven through its individual variable-speed trans- 
mission by a 1-hp. motor. Air at 
4 to 8 lb. pressure was supplied by 
a turboblower, which was a legacy 
from copper-converter operations. 
Fitted with a constant-volume 
regulator, the blower supplied 
15,000 cu. ft. per min. between the 
pressures noted. Lead-furnace 
slag was charged from 9-ton pots 
by the crane that served the blast 

. furnaces and re-treated slag was 
Half section Half-front elevation tapped through two 5l4-in. tap- 

Fig, 2,—SaG FURNACE, holes to a granulating launder. 

Gases loaded with lead and zinc oxides left the furnace through a 
throat of variable area in the roof to rise 21 ft. to a short horizontal flue. 
Up to this point the flues were entirely water-cooled. 

Boiler.—Two B. & W. Stirling boilers, each of 17,350 sq. ft. heating sur- 
face, were connected by a brick flue in such a manner that furnace gases 
could be directed through either. The distributing flue and boiler inlet 
flues were liberally hoppered to facilitate cleaning. Boilers were equipped 
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with 32 steam soot-blower elements, which, it was anticipated, would be 
of considerable assistance in keeping tube surfaces clean. No ordinary 
gas-cooling problem was being undertaken: the total load of dust entering 
the boiler was 87 tons per day and, to make matters worse, the load varied 
periodically from a minimum rate of 214 tons per hour to a maximum of 
1734 tons. To aggravate the situation further, the dust was fusible at 
the temperatures prevailing at the boiler inlet, and provision had to be 
made to allow for hand-lancing. A condenser was installed capable of 
handling 110,000 lb. per hour, double the production from one boiler, in 


‘oe a - 


Fic. 3.—PRESENT CONSTRUCTION OF SLAG-FUMING FURNACE. 


case the demand for steam did not increase above that evident at the 
time. Water-softener and treatment plants were included, of course. 
Twenty-five hundred pounds of gas entered the boiler per minute at 
2200° F., generated 53,600 lb. per hour of 185-Ib. steam at 500° F. and 
reached the breeching at 630° F. Boiler draft was supplied by a paddle- 
wheel fan having a capacity of 233,000 cu. ft. per min. of 700° F. gas at 
4 in. of water. Boiler draft loss amounted to 0.7 in. of water, so that 
1.0-in. draft at the boiler outlet gave 0.3 in. at the furnace throat. This 
fan, which will be referred to as fan A, was driven by a variable-speed 
motor through Texropes and delivered the gas through a 238-sq. ft. 
hoppered steel flue to the economizer inlet at neutral draft. 
Economizer. —The Green economizer consisted of 1008 cast-iron tubes, 
4 in. inside diameter and 12 ft. long, arranged in 84 banks 12 tubes wide. 
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Scrapers were of the “‘crab-jaw” type, which clean on the upward travel 
only. In order to ensure maximum clearance for dust, the bottom 
headers were of special ovoid section. Tubes were spaced at 8-in. centers 
across the bank, with 714 in. between bank centers. 

Some heated water was circulated back to the feed water to keep 
the tube temperature above the dew point of the gas, and hot water in 
excess of boiler-feed requirements was wasted. 

Gases entered the unit at a little under 600° F. and were drawn off at 
250° F. by the fan B. A damper panel in the flue roof allowed further 
cooling by leakage air when necessary. Dust that dropped in the flue 
system preceding this fan was loaded from the flue hoppers into narrow- 
gauge 58-cu. ft. V-cars and trammed to the oxide leaching plant. 

Baghouse.—The B fan, able to handle 300,000 cu. ft. per min. of 
230° F. gas at 2 in. of water, had also a variable-speed Texrope drive and 
delivered the gases to the baghouse inlet flue at neutral draft. The 
Dracco baghouse had six 10-compartment units of 18 woolen bags each, 
and sufficient floor space was available to increase the capacity by 50 per 
cent. Baghouse fume dropped into 9-in. closed screw conveyors under 
each row of five compartments, was delivered to two 12-in. collecting 
conveyors and eventually discharged onto an 18-in. belt. This belt 
ran 363 ft. to a bin mounted 68 ft. above and to one side of standard- 
gauge tracks. Special closed 2620-cu. ft. cars carried the fume to the 
oxide leaching plant for further treatment. 

The final fan in the system, known as fan C-1, had a capacity of 
150,000 cu. ft. per min. handling 200° F. gas at 414-in. draft. A duplicate 
fan, C-2, was installed at the same time and connected to the outlet flue 
for the second baghouse unit, which had been temporarily arranged to 
by-pass the baghouse. Both C fans discharged into a stack 14 ft. 6 in. 
in diameter and 100 ft. high. 


OPERATING DIFFICULTIES 


One of the first difficulties that was encountered in operation of the 
plant was that of controlling the rate of coal feed within reasonable limits. 
The problem of feeding the fuel is in itself unusual in that the coal is 
discharged from the tuyere pipes against a 7-lb. or 8-lb. back pressure. 
However, owing to the success of experimental work, no trouble was 
anticipated in feeding coal, and there was none. The trouble was to 
control the rate at which the coal was fed. The solution of this problem 
lay in correlating the rate of waste-heat steam generation with coal feed. 

A flowmeter was installed at the furnace floor for the benefit of the 
coal-feeder operators, who adjust the speed of the feed screws to maintain 
the steam flow at a constant rate. It has been found by experience 
that the coal feed corresponding to this rate of steam generation will give 
the maximum rate of zinc elimination from the charge. Feeding faster 
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than at this optimum rate does not result in faster elimination, and 
feeding at a slower rate will slow down the elimination rate. 

A further and rather more serious difficulty was encountered in the 
rapidity with which the hot flues filled with slag. Lead and zinc oxides 
with coal ash and slag bubbles carried by the furnace gases stuck to the 
brick walls of these flues and there acted as an excellent flux to slag off 
the brick. The resultant slag was very fusible and ran down the walls 
and into the flue hoppers where, being relatively cooler, it became a 
viscous mass, which resisted all efforts to remove it. The solution of this 
problem was rather obvious and will be discussed in detail later. 

The amount of pot shell produced in collecting blast-furnace slag 
came somewhat as a surprise; 42 per cent of the new slag-forming material 
in the blast-furnace charge made shell and was charged back to the blast 
furnaces for reasons that will be set forth below. 

These three difficulties were not the only ones, of course, that occurred 
during the early months of operation, but they were the most troublesome. 


PuLant ALTERATIONS 


Modifications have been made in the original design of the plant to 
meet economic or operating needs. These changes will be dealt with 
not in chronological order but under unit headings starting with the 
collection of blast-furnace slag. 


Holding Furnaces 


In order to reduce the excessive production of pot shell, two 40-ton 
holding furnaces were built. Each furnace collects the slag from two 
blast furnaces, keeping it hot between fuming-furnace charges. ‘These 
furnaces have hearths 10 ft. 6 in. by 18 ft., and are built of firebrick 
above the slag line with the lower walls water-jacketed. They use 6 tons 
of powdered coal per furnace day. The furnace gases are drawn off 
through a vertical prick-lined steel stack connected to the blast-furnace 
balloon flue. Shell production amounts to 15 to 20 per cent, depending 
on the condition of the blast-furnace slag. A reducing atmosphere is 
maintained to reduce spinels, and silica sand is spread over the hearth 
after each tap, to flux the ferrous compounds. 

Slag is tapped through a 12-in. notch into a pot set into the tapping 
pit in the crane aisle. A swinging hood exhausts the smoke caused by 
tapping, through a No. 314 Sirocco fan to a stack discharging above the 
roof of the feed floor. 


Fuming Furnace 


Before the plant had been in operation a year several furnace jackets 
had failed in an unusual manner. The furnace walls had been built 
with three tiers of jackets, so that the height of the roof could be varied, 
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as explained previously. These failures occurred only in the lower tier 
of jackets in the form of a vertical crack close to the middle and in the 
lower third of the jacket face. The cracks appear to be the result of 
fatigue but investigation has not identified the exact manner in which 
this takes place. Stiffening the jacket face with a flat bar grid welded 
to the front and back plates (Fig. 4) has at least reduced the trouble. 

Tests seem to show that 14-in. plate of ‘firebox’ quality has less 
tendency to crack than plate of higher tensile strength. Stress relief 
by annealing after welding has no effect on jacket life. Test jackets of 
copper plate or of high-tempera- 


ln ture steel show no advantage in 

patente a 1 me cman > length of service commensurate 
ZO a ay ae with their cost. i 

q i The Nesmith vaporizer system 
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of jacket-water control finds an 
ideal application in the fuming 
furnace. Heat release to the 
jacket water depends on the 
thickness of the coating of slag on 
the individual jacket faces, which 
may vary instantaneously from 
several inches to nothing. 
Instead of having constantly to 
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Fig. 4.—OrIGINAL consTRuUCTION or sLAG- Incidentally, the saving in cooling 
FUMING FURNACE AND FLUES. . . 
water is considerable. The 
vaporizer system was installed at the same time that the furnace length 
was extended to 24 ft. in 1931. 

It had been fairly well established that furnace capacity was a func- 
tion of the length, so that an increase of 20 per cent in furnace length 
indicated a corresponding increase in production, which was obtained. 

Variation in the roof height showed no effect on rate of elimination 
in practice, and the roof was finally set at 10 ft., as this dimension was 
most satisfactory for structural reasons. A furnace with a high roof—in 
other words, with a larger volume above the charge—will have less tend- 
ency to smoke than one with a low roof, owing to its ability to absorb the 
sudden puffs of gas produced by the miniature explosions taking place 
in the furnace. The furnace as it exists today is shown in Fig. 5. 


Coal Feeders 


In order to reduce high maintenance costs, the original arrangement 
of individual feeder drives was changed so that each group of five feeders 
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would be driven by a single motor through a locally designed variable- 
speed transmission. An auxiliary motor drives the screws at normal 
speed and dog clutches allow any feeder or group of feeders to be stopped 
for tank filling or repairs. Screws turn at a normal 250 r.p.m., and the 
severe wear on clutch points is minimized by Stelliting the points. 
Coal-transport pipes have been increased from 2 in. to 2}4, with a 
notable reduction in line plugging and a decrease in the volume of high- 
pressure air used at the injectors. The original arrangement of transport 
pipes, which allowed the center coal feeder to feed any or all of the four 
214-in. lines supplying the tuyere headers, has been entirely satisfactory. 


Launder 


The launder troughs, until now of white cast iron, will shortly be 
replaced by 14-in. rubber, which is cheaper, lasts longer and is more 
easily repaired. 


Brick Flues 


The short flue connecting furnace uptake and distributing flue, known 
locally as the ‘‘crossover,”’ was built entirely of water jackets with a level 
floor (Fig. 6). Owing to the increasing demand for steam, roof and side- 
wall jackets were replaced by brick, which resulted in the generation of an 
additional 200,000 lb. of steam per day. The section of the roof over the 
furnace uptake had a life of only four months and introduced a fire hazard, 
as this roof was immediately under the lead-furnace feed floor. To avoid 
the necessity of frequent replacements, this part of the roof was later 
replaced by water jackets. To assist cleaning, the water-jacketed floor 
of this flue was sloped down towards the furnace uptake (Fig. 5). 

Since it was impossible to remove the slag from the hoppers in the 
floor of the inlet flue (Fig. 6), these were cut out to make slag pockets 
that extended down to the furnace floor. These pockets have been 
progressively enlarged until, as shown in Fig. 5, the entire floor of the 
boiler inlet flue has been dropped 11 ft. This construction became 
possible only when it was demonstrated that the continuity of boiler 
operation was equal to that of the furnace and inlet dampers could there- 
fore be discarded. 

One consequence of enlarging this flue was that the slag, in its progress 
down the walls, solidified and stuck to the walls as it left the hot upper 
zone of the flue. In the course of a few months, scabs would build out 
from the walls until they met and arched across the 20-ft. space, 
necessitating a shutdown for digging, or rather, mining. In order to 
cope with this situation a water wall was installed in place of the brick 
bridge wall below the front mud drum, and water jackets, at the sacrifice 
of some waste-heat steam, were set into the side walls at strategic points. 
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As slag will not build on either the water wall or jackets, this construction 
has been entirely satisfactory. When it became necessary to increase the 
auxiliary steaming capacity, which must be available when the fuming 
plant is shut down, the auxiliary boiler, which occasionally handled 
waste-heat gases, was remodeled with water-walled inlet flues*. 

The rapidity of brickwork corrosion in the hot flues has been a motive 
for the investigation, still in progress, of many different refractories in 
this service. ‘To date it has been shown that cheap firebrick laid up in as 
thin a wall as the height allows is more economical than any higher priced 
brick regardless of composition. Walls are given a slight batter to lean 
outwards so that when the brick becomes thin the tendency is for the 
wall to fall away from the flue against supporting steel outside. Relieving 
arches have been replaced by water-cooled structural steel beams and hot 
sprung arches have been replaced by suspended flat roofs (Fig. 3). 


Dampers 


Hot-flue drop dampers, originally used in directing the waste-heat 
gases to either boiler, were 9 ft. 3 in. wide by 11 ft. 5 in. high with a 2-in. 
water space between 14-in. plates stayed at 12-in. centers. Handled by 
5-ton chain blocks, their manipulation was awkward, although it was at 
least assured that water circulation would be established before the 
entire damper surface was exposed to the heat. 

Louver boiler-breeching dampers were replaced by plate drop dampers. 
In fact, louver dampers are unsuitable for service in any part of the flue 
system unless they are in more or less constant use. 


Boiler 


The boiler has given remarkably little trouble and the few difficulties 
have been overcome easily. There were a number of failures in the first 
bank of tubes, due to sluggish circulation. The space between the upper 
vertical run of this bank and the front wall had been reduced by move- 
ment of the wall and the accumulation of clinker until the passage was 
blocked. Removal of this row of tubes has remedied the trouble with no 
increase in breeching-gas temperature. 

Steam soot blowers, although very desirable, have been discontinued 
in the first pass because zinc oxide attacks them at the prevailing tempera- 
ture and their life is very short. High-temperature-resisting steel as well 
as nickel-chrome alloys have been tested in this service, but the cost is 
prohibitive for the slight increase in life. 

Heat-resisting steel baffles in each pass warped badly and have been 
replaced by tile. 


1W.H. D. Clark: Can. Min. Jnl. (Sept., 1932). 
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It has been difficult to maintain a tight boiler setting owing to the 
large number of doors necessary for constant hand-lancing, so that air 
leakage amounts to a normal 100 per cent across the boiler. 

Flues from the boiler outlet to the baghouse remain as they were 
originally constructed. Hoppers were let into the outlets of the A and B 
fans in order to prevent accumulated dust from sliding back into the fan 
and endangering the runner. 


Economizer 


Trouble in the operation of the economizer had to do particularly 
with cleaning. A row of 3 by 4-in. doors was placed in the casing oppo- 
site the spaces between bottom headers, when the unit was built. 
These were suitable for hand-lancing to ensure a clear passage for falling 
dust but had to be augmented by a row of 6 by 14-in. doors 2 ft. higher 
and another 2 ft. below the upper headers. These additional doors assist 
in freeing stuck scrapers and in general cleaning. 

The service required of this unit is considerably more severe than it 
would be in handling boiler gases and it is gratifying that the operation 
has been so satisfactory. 


Baghouse 


In the first few months of operation the volume of gas cleared by the 
baghouse gradually dropped. Investigation showed that fume was 
building up on the nap fibers of the woolen bags in small nodules, which 
effectively blocked the passage of the gas. The bag weight was also 
increasing, so that the shaking mechanism acted sluggishly. The bag- 
house was enlarged, to increase filtering area by one-third, and it has been 
necessary to wash the bags every three or four months in order to main- 
tain filtering capacity. 

Owing to the necessary frequency and severity of rapping, the wear 
on bag racks and hangers has been excessive and some modification in 
their design has proved advantageous. Bag hangers have been case- 
hardened and hanger holes in the racks have been bushed. 

When it developed that the life of woolen bags would be somewhat 
less than 12 months, an investigation of other and cheaper bag materials 
was started. Neither cotton nor linen will stand the temperature, and 
it appears that the most economical bag is one made of llama wool. A 
laundry and tailor shop have been added as baghouse accessories. 


OPERATION 


Lead-furnace slag is tapped from the holding furnaces and transferred 
as quickly as possible by 20-ton lead crane to the funing furnace on the 
opposite side and at one end of the crane aisle. It takes about 20 minutes 
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to charge 10 pots of slag; that is, 65 to 70 tons. Pots are shelled on a 
heavy, structural-steel grizzly over a 100-ton bin at one end of the crane- 
way and the broken shell is returned to the blast furnaces. 

The fuming furnace operates on a 155-min. cycle. Allowing 20 min. 
for charging and 10 min. for tapping leaves 125 min. for blowing the full 
charge. The coal feed remains constant throughout at approximately 
6 tons per hour. 

Coal, crushed in a central preparation plant to 85 per cent through 
200 mesh, is delivered by the Quigley system to two 40-ton cylindrical 
steel bins, one on each side of the furnace. An average speed of 250 r.p.m. 
on eight or nine screw feeders maintains waste-heat steam flow at the 
optimum 60,000 Ib. per hour, which corresponds to the maximum elimina- 
tion rate. The feeders, mounted on the hopper bottom of individual 
pressure tanks, drop the coal into 80 lb. per sq. in. air injectors, which 
project it into 214-in. transport pipes. A header on the end of each 
transport line supplies eight or nine tuyeres through 34-in. pipes. Coal 
from the center feeder can be split into any of the four supply lines on 
each side of the furnace. 

Air is supplied at a constant volume of 15,000 cu. ft. per min. at a 
pressure of from 4 to 8 lb. per sq. in.; 80 lb. per sq. in. injector air amounts 
to 34 cu. ft. per min. per feeder. 

Slag is tapped below the tuyere level through two 514-in. tapholes set 
in a water-cooled cast-iron block. Passing through arectangular receiver, 
the slag is split into three streams, each of which is struck by a 244-in. jet 
of water at a pressure of 70 lb. persq.in. Low-pressure zinc-plant waste 
water sluices the slag down the launder. Granulation water amounts to 
2.6 tons per ton of slag. 

The constitution of the furnace charge depends on the quantity of 
hot slag available. Roughly, 214 tons of granulated lead-furnace slag 
blown in above the charge will replace 61 tons of hot slag with the same 
resulting elimination rate. An estimate based on 85 per cent zinc elimina- 
tion in a normal cycle determines the amount of granulated slag that 
should be added to a charge deficient in hot slag. The furnace will treat 
600 tons of hot slag in 24 hr., under normal conditions, with a recovery of 
85 per cent of the zinc and 98 per cent of the lead. 

Constant vigilance and a regular routine of cleaning flues and boilers 
are necessary to maintain furnace draft at a maximum. The crossover 
flue is cleaned by blowing with a hand lance. Cleanings either fall back 
into the furnace or are pushed ahead into the inlet flue. 

Cleanings from the first pass of the boiler drop into the inlet flue also 
and are raked out over a grizzly, which separates coarse chunks of slag 
or “‘clinker” from fine semifused oxide ‘“‘cleanings.’”’ The fines are 
delivered to the zinc plant for crushing and leaching, while the clinker is 
crushed and re-teaed rtin the fuming furnace. 
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Dust from the last two boiler passes and from the rest of the flue 
system as far as the baghouse inlet, is collected by contract labor and 
trammed in 58-cu. ft. V-cars on narrow-gauge track to the oxide leach- 
ing plant. 

Draft gauges at the boiler inlet and breeching flues indicate draft 
loss and a recording thermometer shows the temperature of outlet gases. 
Thoroughness of boiler cleaning is indicated by draft loss, outlet gas 
temperature and steam temperature. 

As mentioned previously, the use of steam soot blowers is confined to 
the second and last passes, while all tube surfaces in the first and second 
passes must be accessible to the hand lance. A long-distance water 
gauge is located on each side of the boiler at the level of the mud drum, 
for the convenience of the boiler operator. 

The baghouse attendant is responsible for the operation of the plant 
from the boiler outlet to the stack. He blows down A and B fan outlet 
and inlet flues once a shift, to avoid slides. The economizer must be 
lanced every charge to make sure dust clears into the hoppers below. 
The water temperature, indicated on a recording thermometer chart, 
requires frequent adjustment to keep the feed water at 80°F. Another 
recording thermometer with a maximum alarm set at 210°F. indicates 
the temperature of the gas at the baghouse inlet. The operator adjusts 
the air-inlet dampers to control the temperature at this point. 

Each section of the baghouse is inspected once in 24 hr. for dust leaks, 
and a notation is made on a report card for the attention of the baghouse 
repair crew. Consisting of two men, this crew, working on the day 
shift only, keeps the dust loss at a minimum and changes the bags 
in suitable rotation so that the maximum gas volume is handled at all 
times. 

On removal from service, bags are soaked in cold water for two weeks, 
then agitated by air in a tank of water, where most of the dust is washed 
out. Hand-scrubbing finishes the washing and the bags are dried before 
going to the tailor shop for inspection and repair. After three periods 
of service, the bag material is usually too weak for further use, and such 
bags are scrapped. 

The operating crew consists of: 


1 foreman 3 boiler helpers 

3 furnacemen 3 baghouse operators 

3 furnace helpers 6 dust men 

6 coal operators 1 baghouse car loader working six days per week 


3 boiler operators 214 pot-shell loaders 
_ The baghouse repair crew works 514 days per week, and includes: 


1 repairman 1 tailor 
1 repairman helper 1 bag washer 
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METALLURGY 


The reactions involved in the fuming operation may be indicated by 
three end equations: 


POET Swe 8 [1] 
CO + ZnO — Zn + COz [2] 
27n + O02. — 2Zn0 [3] 


Powdered coal is introduced into the slag bath with a deficiency of air 
for complete combustion. Reaction 1 takes place within the bubbles 
and the zone of reduction is confined to 
the immediate boundaries of these 
bubbles, indicated by reaction 2. At this 
point metallic zine is released as a vapor 
that rises rapidly to emerge from the slag 
and become reoxidized as quickly as the 
necessary oxygen is available according 
to reaction 3. The net thermal effect of 
these reactions is obviously equivalent to 
the complete oxidation of the reducing 
agent. 

Lead, with its high vapor tension either 
as the metal or oxide, is volatilized quickly 
at the temperature of the slag. 

The ideal curve in Fig. 7 shows the 
rate of zinc elimination. During the 
latter part of the blow the lead content 
of the fume drops so that it would be 
030. 60 90 120150 Quite feasible to separate the product 


Zinc in charge, per cent 


Blow, minutes into high-lead and low-lead fume if 
Fig. 7.— ELIMINATION RATE CURVE, : : 
Frsruary, 1936. desirable. In fact, such a separation 


actually takes places to some extent, 
regardless of its desirability. The fume grows progressively leaner in 
lead as the baghouse is approached, where it assays 10 per cent Pb 
as compared to 20 per cent directly behind the boiler. 

Since the slag is constantly being splashed about in the highly reducing 
atmosphere above the charge, it is probable that some reduction takes 
place there as well as below the surface of the charge. 

Because of the large discrepancy between the theoretical and practical 
amounts of reducing agent required, it has been urged that furnace design 
might have an important bearing on this point. As the coal-air bubbles 
are released close to the vertical side walls, the movement of the slag is 


—_— 
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up the side wall, across and down at the center line of the furnace. The 
inference, based on the assumption that the major reducing reactions 
take place on the bubble boundaries, is that an increase in the area of 
these boundaries would result in more rapid reduction. This might be 
accomplished by reversing the motion of the slag, so that a continuous 
stream of small bubbles would be swept away from the tuyere pipes 
towards the center of the furnace, where they would be joined by similar 
streams from the opposite side and be swept to the surface on the center 
line of the furnace. However, 
such speculations would necessarily 
have to be tested in an experi- 
mental furnace. 

At Trail, all the preliminary 
work was carried out on hot slag 
only. When it appeared that 
sufficient hot slag was not available 
to keep the furnace running at 
capacity, tests were made on the 
use of a proportion of cold slag 
added to the hot charge. It was 
found that reduction of a charge 
made up partly of cold slag was 
rather slower than with an all-hot 0 


700 1 


Tons hot slag per day 


JOOMPPLISOMs 20085250) 
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50 300 


charge, and further, that granu- 
lated slag slowed the reduction less 
than either crushed or broken pot 


Fia. 8.—CapaciITy OF FUMING FURNACE 
IN TREATING MIXED CHARGE OF HOT AND 
COLD SLAG. 


shell. In consequence, it is cheaper 
to smelt pot shell in the blast furnaces and use granulated slag to make up 
any deficiency in hot slag charge. 

It has been noted above that 214 tons of granulated slag will replace 
614 tons of hot slag on the charge. This figure is derived from the weights 
of a car of slag and a pot and is rather conservative. The ratio of cold 
slag to hot slag increases as the amount of hot slag in the charge decreases 
(Fig. 8). 

After the plant had been in operation for some time it was evident 
that the rate of reduction varied periodically above and below normal. 
Subnormal periods definitely coincided with the addition of dry dross to 
the blast-furnace charge. Following this clue further, it was shown that a 
small increase in the sulphur content was responsible for a proportionate 
increase in zinc in the re-treated slag. 

Tests on bituminous and subbituminous coals indicate that, so far 
as reduction is concerned, there is no difference in either fuel consumption 
or operation with either coal, provided the ash content is the same. 
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OPERATING DATA 


The average analysis of the hot slag charged to the fuming furnace 
in 1935 was: Pb, 3.6 per cent; Zn, 16.3; Cu, 0.21; SiOz, 19.3; Fe, 30.6; 
Mn, 0.64; CaO, 7.4; Al2O,3 5.1; MgO, 1.3; S, 2.0. 

Analysis of fuming-plant products is given in Table 1. 


TaBLE 1.—Fuming-plant Products at Trail in the Year 1935 


Analysis, Per Cent 


Products Sul 
ale 
Pha, 2m |. Cu 1S phate SiOz Sb 
Baghouse fume........ 9 .6|/67 .7/0 .06)0 0.2/0 .07|0 .09)0 .09 
Wluerdustecee cermere 16 .6|57 .2|0 .09}1 0.3/0 .07|0.17)0.09 
Boiler cleanings........ 16 .6/44 .4/0.19|0 1.7/0 .04/0.10)0 .09 
Glinkersipeerete tera .0/24 .8/0 .29/0 4.1 


Total charge: 183,426 tons, made up as follows: hot slag, 168,725 tons (92 per cent); 
granulated slag, 12,871 tons (7 per cent); crushed flue slag (clinker), 1,440 tons (0.8 per 
cent); holding-furnace flux, 390 tons (0.2 per cent). 


The fuel used was a mixture of bituminous coals carrying about 21 per 
cent volatile and a subbituminous coal of 37 per cent volatile. The 
mixture averaged about 22 per cent volatile matter while fixed carbon 
and ash were 60.4 and 17.6 per cent respectively. 

Coal consumption was 46,439 tons, or 25.3 per cent of the charge, 
which, had the charge consisted of hot slag entirely, would have been 
23.6 per cent. 

Waste-heat steam production amounted to 241,879 tons, or 6.66 lb. 
of steam from and at 212° F. per pound of coal. 

Metal production was 26,068 tons of zinc and 6,360 tons of lead in 
fume, which corresponds to recoveries of 88 per cent of the zine and 
96 per cent of the lead. Silver recovery was 62.4 per cent. The slag 
after treatment assayed 3.4 per cent Zn and 0.03 per cent Pb. 

Excluding two weeks when the plant was shut down for construction 
work, the fuming furnace operated for 95 per cent of the time. The 
largest part of the lost time, 10 days, was occupied in digging and repairing 
flues. Boiler overhaul and furnace maintenance each amounted to four 
days. Outside trouble, that is, when no slag was available, accounted 
for three days. Of course during a shutdown maintenance work is going 
on throughout the plant and the figures quoted are prorated among the 
various units. 


APPENDIX 


The Electrolytic Zinc Plant of the Consolidated Mining and 
Smelting Company of Canada, Limited 


(Pages 540 to 572) 


Pumps 


The materials used for pump construction vary according to the 
nature of the solution handled. The pump materials in use are the result 
of extended experiment and are all giving satisfactory results. Research 
is still in progress, particularly with stainless steel and rubber lining, both 
of which show considerable promise. Following are the materials used: 

For tank-room acid, carrying about 100 grams per liter free sulphuric 
acid, hard lead is used. Stainless steel is under investigation. Duriron 
is satisfactory, but requires very careful handling to prevent mechani- 
cal breakage. 

For pulps containing low acid (10 grams per liter), abrasive solids, 
ferric iron, copper, etc. pumps are made of hard lead. Stainless steel 
is satisfactory. 

For pulps containing no acid but carrying abrasive materials and 
copper, bronze is used. 

Pulps containing acid (10 grams per liter), copper, iron and nonabra- 
sive solids require lead pumps. Rubber linings are under investigation. 

Clear neutral solutions containing copper are handled in bronze 
- pumps; neutral solutions free of copper, acid, abrasive material, etc., in 
iron or bronze. 

The hard lead used contains 13 per cent antimony. The stainless 
steel has the following analysis: Cr, 20.0 per cent; Ni, 7.0; C, 0.25; W, 4.0; 
Cu, 2.0. 
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See Zinc Smelting. 
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